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FOREWORD 


During  1991,  the  Navy  continued  to  conduct  long-term  studies  monitoring  for  possible  effects  to 
biota  from  operation  of  their  ELF  Communications  System.  The  Space  and  Naval  Warfare  Systems 
Command  (SPAWAR)  furKled  these  studies  through  a  contract  to  IfT  Research  Institute  (IITRi).  IITRI 
provided  engineering  support  and  overall  program  management  of  monitoring  studies  performed  by 
university  subcontractors. 

The  reports  compiled  (Tabs  A-H)  in  this  three-volume  document  present  the  progress  and  findings 
of  ongoing  studies  located  near  the  Naval  Radio  Transmitting  Facility-Republic,  Michigan.  At  least  three 
scientific  peers  reviewed  each  report  Study  investigators  considered  the  peer  critiques  prior  to  providing 
a  final  copy  of  their  annual  report  to  IITRI.  These  annual  reports  are  compiled  here  without  further  change 
or  editing  by  SPAWAR  or  IITRI.  As  is  done  for  ail  program  documents,  IITRI  has  submitted  this 
compilation  to  the  National  Technical  Information  Service  for  unlimited  distribution.  Past  compilations  and 
other  program  documents  are  listed  under  Tab  I. 
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SUMMARY 

This  investigation  was  designed  to  isolate  effects  of  electromagnetic  (EM)  fields 
produced  by  extremely  low  frequency  (ELF)  antenna  systems  on  bird  species  breeding 
in  or  migrating  through  Wisconsin  and  Michigan.  Specifically,  we  seek  to  determine  if 
bird  species  richness  and  abundance  differ  between  areas  that  are  close  to  the 
antenna  and  those  that  are  far  enough  away  to  be  unaffected  by  the  antenna.  We  are 
pursuing  this  question  at  both  the  community  and  species  level.  Characteristics 
examined  include  total  species  richness  and  abundance,  abundances  of  common  bird 
species,  and  abundances  of  birds  within  selected  guilds.  Our  monitoring  program  has 
included  bird  censuses  in  both  states  over  a  five  month  period  from  May  to 
September,  1986-1991.  Additional  data  were  collected  in  August-September  1984  and 
in  June  1985,  in  both  states.  Bird  censuses  were  terminated  in  Wisconsin  after  1989 
but  are  continuing  in  Michigan. 

No  consistent  patterns  have  yet  emerged  to  demonstraie  that  birds  are  more  or 
less  abundant  on  treatment  relative  to  control  segments  in  either  state  after  effects  of 
habitat  are  accounted  for.  Further,  few  significant  differences  have  been  found  at  the 
community  or  species  level;  differences  in  one  season  or  year  are  not  always 
repeated  in  subsequent  years  or  seasons.  Most  differences  that  exist  between 
treatment  and  control  transects  can  be  attributed  to  habitat  differences  or  chance 
rather  than  to  electromagnetic  field  differences. 
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ABSTRACT 

This  investigation  was  designed  to  isolate  effects  of  electromagnetic  (EM)  fields 
produced  by  extremely  low  frequency  (ELF)  antenna  systems  on  bird  species  breeding 
in  or  migrating  through  Wisconsin  and  Michigan.  Specifically,  we  seek  to  determine  if 
bird  species  richness  and  abundance  differ  between  areas  that  are  close  to  the 
antenna  and  areas  far  enough  away  to  be  unaffected  by  the  antenna.  We  are 
pursuing  this  question  at  both  the  community  and  species  level.  Characteristics 
examined  include  total  species  richness  and  abundance,  abundances  of  common  bird 
species,  and  abundances  of  birds  within  selected  foraging  and  habitat  guilds.  Our 
monitoring  program  has  included  bird  censuses  over  a  five  month  period  from  May  to 
September  (1986-1991).  Additional  data  were  collected  in  both  states  during  August 
and  September  of  1984  and  during  Juno  of  1985.  Research  in  Wisconsin  was 
completed  in  V  39  (Hanowski  et  al.  1991),  but  has  continued  in  Michigan. 

Here  we  summarize  results  of  our  1991  research  activities  in  Michigan.  The 
Michigan  transmitter  began  150  amp  tuning  and  testing  intermittently  in  the  first  part  of 
May  1989.  On  14  May,  the  transmitter  began  continuous  150  amp  operation  for  16 
hrs/day  on  weekdays  and  all  day  on  weekends.  On  7  October  1 989,  the  Michigan 
transmitter  began  continuous  operation  at  full  power. 

Overall,  bird  abundance  and  species  diversity  were  highest  and  approximately 
the  same  during  June  and  July  throughout  all  study  areas.  Bird  abundance  and 
species  diversity  were  significantly  higher  on  control  segments  during  May  and  July, 
but  no  other  differences  in  community  level  parameters  were  significant.  Considerable 
annual  variation  in  numbers  of  individuals  and  species  was  noted.  Particularly 
common  species  (all  seasons  combined)  included  Black-capped  Chickadee,  Golden- 
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crowned  Kinglet,  Hermit  Thnjsh,  Red-eyed  Vimo,  Nashville  Warbler,  Black-throated 
Green  Warbler,  Ovenbird,  and  White-throated  Sparrow.  The  most  abundant  species 
present  on  treatment  and  control  segments  varied  among  seasons. 

Twenty-seven  of  193  comparisons  (14%)  of  individual  species  between 
treatment  and  control  segments  were  significantly  different.  Abundances  were  higher 
on  treatment  segments  in  20  cases  (74%).  Few  species,  however,  were  consistently 
and  significantly  more  abundant  on  either  treatment  or  control  segments  among 
seasons  within  a  year  or  within  seasons  among  years.  Differences  between  treatment 
and  control  segments  were  most  likely  due  to  habitat  differences. 

Species  were  classified  into  guilds  or  the  basis  of  foraging  behavior  and 
preferred  breeding  habitat.  Few  significant  differences  in  abundance  of  birds  within 
different  guilds  were  found  between  treatment  and  control  segments.  Differences 
were  most  consistent  for  habitat  categories  (e.g.,  birds  that  prefer  deciduous  forest 
were  more  abundant  on  control  segments  in  4  of  5  months),  providing  further  evidence 
that  habitat  differences  were  responsible  for  many  of  the  observed  differences  in  bird 
distribution  patterns  between  treatment  and  control  segments. 

Previous  analyses  of  vegetation  on  Michigan  study  sites  (Blake  et  ai.  1 988) 
revealed  differences  between  treatment  and  control  plots.  The  difference  most  likely 
to  influence  bird  populations  was  distribution  of  coniferous  and  deciduous  habitats. 
Treatment  segments  supported  more  coniferous  and  lowland  habitats  than  did  control 
segments.  It  is  important  to  note  that  habitat  differences  that  exist  between  treatment 
and  control  areas  will  not  affect  our  analysis  of  antenna  effects.  The  Michigan  study  is 
designed  as  a  before-and-after  experiment;  we  can  compare  changes  in  bird 
abundance  over  time  on  treatment  segments  and  on  control  segments.  If 
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electromagnetic  fields  produced  by  antenna  operation  affect  bird  distribution  patterns, 
we  expect  to  detect  a  change  in  patterns  of  abundance  between  treatment  and  control 
areas.  Such  changes,  if  they  occur,  would  be  independent  of  already  present  habitat 
differences. 

To  investigate  this  possibility,  we  analyzed  changes  in  species  abundances  over 
time  on  treatment  and  control  segments,  comparing  differences  in  amount  of  change 
from  pre-treatment  (1986-1987),  to  partial  treatment  (1988),  and  full  treatment  (1989 
onwards)  years  (see  Niemi  and  Hanowski  1991;  Appendix  2).  Few  differences  were 
significant;  in  1991,  no  community  level  parameters  showed  a  significant  difference 
and  in  only  7  cases  (5.3%  of  those  tested)  were  differences  significant  at  the  species 
level.  These  results  indicate  that  the  amount  of  change  in  bird  abundance  from  pre¬ 
treatment  to  post-treatment  conditions  did  not  differ  on  treatment  and  control 
segments.  Thus,  there  is  no  evidence  to  indicate  that  electromagnetic  radiation 
produced  by  the  ELF  antenna  has  affected  bird  populations  on  our  study  sites. 
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INTRODUCTION 

Natural  disturbances  are  increasingly  recognized  as  integral  components  of 
most,  if  not  all,  biotic  communities  (Pickett  and  White  1985).  Disturbances  vary  on 
both  temporal  and  spatial  scales  and  can  substantially  affect  structure  and 
organization  of  communities  as  well  as  the  population  dynamics  of  individual  species. 
Anthropogenic  disturbances  also  influence  most,  if  not  all,  communities;  these  latter 
disturbances  frequently  are  cause  for  concern  because  of  their  potential  to  disrupt 
population  dynamics  and  community  structure. 

The  types  of  disturbances  caused  by  human  activities  are  numerous  and,  like 
natural  disturbances,  differ  in  level  of  intensity  and  effects  on  populations  and 
communities.  One  of  the  most  ubiquitous  disturbances  is  the  network  of  transmission 
lines  that  crisscross  the  country.  These  transmission  lines  form  long,  linear  breaks  in 
the  natural  cover  and  emit  electromagnetic  (EM)  radiation  of  different  intensities. 
Potential  effects  of  EM  radiation,  from  various  sources,  have  been  the  subject  of  much 
recent  attention  (Carstensen  1987,  Pool  1990a-c). 

Effects  of  extremely  low  frequency  (ELF)  electromagnetic  fields  on  birds  are 
poorly  understood  (National  Academy  of  Sciences  1977;  Lee  et  al.  1979;  other 
references  in  Hanowski  et  ai.  1987, 1991).  Several  investigators  have  studied  effects 
of  transmission  lines  on  structure  and  composition  of  bird  communities;  most  have 
analyzed  combined  effects  of  habitat  alteration  and  EM  fields  (Anderson  et  al.  1977; 
Anderson  1979;  Dawson  and  Gates  1979;  Meyers  and  Provost  1979;  Stapleton  and 
Kiviat  1979;  Bell  1980;  Bramble  et  al.  1984;  Niemi  and  Hanowski  1984).  Others  have 
focused  on  effects  of  the  right-of-way  (ROW)  edge  (Chasko  and  Gates  1982; 
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Kroodsma  1982),  collisbn  with  lines  (Beaulaurier  et  ai.  1982),  and  audible  noise 
generated  by  a  transmission  line  (Lee  and  Griffith  1978).  To  our  knowledge,  our 
recently  completed  study  on  effects  on  biids  of  EM  fields  produced  by  the  US  Navy’s 
ELF  transmission  facility  in  Wisconsin  (Hanowski  et  al.  1991),  was  the  first  that 
attempted  to  separate  effects  of  EM  fields  on  bird  species  and  communities  from 
effects  due  to  habitat  changes  along  the  ROW.  That  study  produced  no  convincing 
evidence  that  birds  were  either  attracted  to  or  repelled  by  EM  fields  produced  by  the 
antenna. 

The  current  investigation  in  Michigan,  and  the  recently  completed  Wisconsin 
study,  were  designed  to  isolate  effects  of  EM  fields  produced  by  ELF  antenna  systems 
on  bird  species  breeding  in  or  migrating  through  Wisconsin  and  Michigan.  Our  goal 
was  to  determine  if  distribution  and  abundance  of  bird  species  differed  between  areas 
that  were  close  to  the  antenna  and  those  that  were  far  enough  away  to  be  unaffected 
by  EM  fields  produced  by  the  antenna.  Our  study  has  encompassed  spring  migration 
(May),  early  (June)  and  late  (July)  breeding,  and  early  (August)  and  late  (September) 
fall  migration.  Potential  effects  of  the  ELF  antenna  on  birds  may  vary  among  seasons. 
During  migration,  birds  may  be  present  on  study  areas  for  only  brief  periods. 
Conversely,  breeding  birds  remain  on  territories  longer  (1-3  months),  increasing  their 
exposure  to  EM  fields. 

To  assess  effects  of  the  ELF  antenna  on  bird  communities  we  can  either;  (1) 
compare  the  affected  area  (treatment)  with  a  similar  control  area;  or  (2)  conduct  a 
before-and-after  study  on  both  control  and  treatment  plots.  The  former  approach  was 
used  in  Wisconsin  because  the  antenna  already  was  in  operation  at  the  start  of  our 
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study.  Research  in  Michigan  was,  in  contrast,  initiated  before  the  antenna  began 
operation.  By  following  changes  in  bird  numbers  over  time  on  areas  affected  by  the 
antenna  and  on  unaffected  areas,  we  can  separate  any  effects  of  the  antenna  on  birds 
from  effects  of  more  regional  variables  (e.g..  annual  variation  in  rainfall)  and  from 
effects  arising  from  differences  in  vegetation  structure  between  control  and  treatment 
areas.  The  Michigan  transmitter  was  tested  intermittently,  at  less  than  full  power 
during  parts  of  our  1988  field  season  and  at  full  power  during  most  of  our  1989  field 
season.  Continuous  operation  at  full  power  began  on  7  October  1989.  Therefore. 

1991  represents  the  third  full  impact  year.  In  the  following  we  summarize  our 
research  activities  in  Michigan  for  1991.  the  sixth  year  in  which  censuses  were 
conducted  during  all  seasons. 

EXPERIMENTAL  DESIGN 

The  first  steps  in  the  experimental  design  were  to  (1 )  evaluate  techniques  for 
sampling  birds;  and  (2)  determine  sample  sizes  required  to  detect  a  specified 
difference  between  control  and  treatment  areas.  We  examined  four  potential  sampling 
techniques:  transect  counts,  point  counts,  territorial  mapping,  and  mist-netting. 
Territorial  mapping  and  mist-netting  were  eliminated  from  consideration  because  of  the 
amount  of  effort  required  to  obtain  statistically  reliable  results.  We  selected  transect 
counts  instead  of  point  counts  because  the  ELF  communications  system  consists  of  a 
long,  linear  network  of  antenna  and  ROW  and  transects  could  be  run  parallel  to  this 
network.  Transects  also  included  a  larger  sample  area  than  would  have  been 
included  in  point  counts. 
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In  an  ideal  experimental  design,  each  sample  unit  should  be  randomly  assigned 
to  control  and  treatment  areas.  Logistically,  however,  this  arrangement  would  be 
inefficient.  To  balance  statistical  rigor'with  the  practicalities  of  working  in  the  field,  we 
decided  to  group  eight  500  m  segments  (each  segment «  one  experimental  or  sample 
unit)  into  one  long  transect  line  (hereafter  called  transect;  Fig.  1 ).  Each  500  m 
segment  was  separated  by  a  buffer  of  50  m  to  reduce  autocorrelation  between  the 
experimental  units.  We  used  Moran’s  I  statistic  (Sokal  and  Oden  1978}  to  test  spatial 
aurocorreiation  of  adjacent  segments.  Results  indicated  that  a  50  m  buffer  eliminated 
most  autocorrelation  between  adjacent  segments  (Hanowski  et  al.  1990). 

We  grouped  eight  segments  in  a  single  line  because  our  previous  experience 
indicated  that  bird  counts  should  be  conducted  from  one  half  hour  before  to  about  four 
hours  after  sunrise.  A  total  of  4  hours  and  35  minutes  are  needed  to  count  birds 
along  eight  segments  and  seven  buffers  (30  minutes  for  each  segment  and  3  minutes 
for  each  buffer).  We  estimated  that  39  segments  were  needed  in  each  group  (control 
and  treatment)  to  detect  a  15%  difference  in  number  of  species  (Hanowski  et  al. 
1990).  This  percent  difference  was  selected  based  on  an  ability  to  detect  a  difference 
of  one  species  between  control  and  treatment  areas.  Therefore,  we  selected  five 
transect  starting  points  per  group,  for  a  total  of  80  segments  (40  treatment  and  40 
control  segments). 

Placement  of  treatment  transects  with  respect  to  the  ELF  antenna  system  was 
designed  to  achieve  two  goals:  (1)  to  reduce  or  eliminate  potential  effects  of  the  ROW 
edge  on  the  bird  community  (Chasko  and  Gat^^s  1982);  and  (2)  to  maintain  an 
appropriate  EM  field  within  the  treatment  area.  We  placed  the  transects  parallel  to 
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Figure  1.  Schematic  of  a  treatment  transect  layout.  ROW  =  right-of-way. 
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and  25  m  from  the  edge  of  the  ELF  antenna  ROW  (Rg.  1 ).  This  achieved  a  25  m 
buffer  from  the  limits  of  where  we  recorded  birds  (1 00  m)  to  the  ROW  edge.  Although 
this  placement  reduced  the  intensity  of  EM  fields  within  treatment  areas,  EM  fields 
were  still  high  enough  to  achieve  the  10:1  ratio  between  treatment  and  control  areas 
required  in  the  study  specifications  (Brosh  et  al.  1986). 

STUDY  AREAS 

Starting  locations  for  five  control  and  five  treatment  transects  were  randomly 
selected  (Rg.  2;  see  Niemi  and  Hanowski  1986,  Hanowski  et  al.  1991  for  details). 
Electromagnetic  fields  were  measured  to  insure  that  76  Hz  EM  fields  at  a  treatment 
site  were  significantly  larger  than:  (1)  76  Hz  EM  fields  at  control  sites,  (2)  60  Hz  fields 
at  treatment  sites,  and  (3)  60  Hz  fields  at  control  sites,  in  addition,  exposure  criteria 
required  that  there  be  no  substantial  difference  in  the  ambient  60  Hz  EM  fields 
between  control  and  treatment  transects  (Brosh  et  al.  1986).  Electromagnetic  fields 
were  measured  at  the  beginning  and  ending  points  for  each  transect;  they  were  not 
completed  for  each  transect  segment  because  most  were  not  easily  reached  (e.g., 
most  are  1-4  km  from  a  road).  Eight  of  25  transect  pairs  in  Michigan  were  determined 
to  be  "conditionally  acceptable"  with  respect  to  EM  field  ratios  established  by  IITRI, 
based  on  data  collected  in  1986.  Previous  data  placed  all  pairs  in  the  "acceptable" 
category  (Haradem  et  al.  1987).  All  transects  still  satisfy  the  EM  exposure  criteria  and 
will  be  used  for  the  remainder  of  the  monitoring  period. 

Information  regarding  proposed  logging  along  the  transects  was  obtained  from 
Department  of  Natural  Resources  in  Michigan.  Five  control  and  five  treatment 
transect  segments  were  scheduled  for  logging  in  Michigan  effective  through  1990 
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(Table  1).  Several  SOO-m  transect  segments  in  Michigan  have  been  partially  logged 
since  this  study  started  (Table  1).  The  Michigan  Department  of  Natural  Resources 
agreed  to  delay  most  additional  logging  until  1992.  Analyses  of  annual  variation  in 
bird  community  composition  revealed  that  segments  logged  over  <20%  of  total  length 
showed  no  greater  difference  in  bird  populations  between  years  than  did  unlogged 
sites.  Segments  that  were  logged  over  all  or  most  of  their  length  showed  significantly 
greater  differences  in  bird  species  composition  between  years  than  did  unlogged 
segments.  Consequently,  our  analyses  of  bird  distribution  patterns  between  years 
omit  segments  logged  over  more  than  20%  of  their  length. 

METHODS 

We  counted  birds  along  each  500  m  segment  (40  control  and  40  treatment) 
during  early  May  (spring  migration  and  arrival  of  breeding  residents).  June  (early 
breeding).  July  (late  breeding).  August  (early  fall  migration),  and  September  (late  fall 
migration).  Counts  were  started  approximately  one  half  hour  before  sunrise  and 
lasted  up  to  approximately  4.5  hours  after  sunrise  on  days  with  little  wind  (<15  km/hr) 
and  little  or  no  precipitation.  Eight  transect  segments  were  censused  by  each 
observer  daily.  Each  observer  walked  at  a  rate  of  30  min/500  m  segment  and 
recorded  the  indentity  and  location  of  all  birds  observed  (by  sight  or  sound)  within  100 
m  of  the  segment  center  line. 

We  randomly  assigned  counts  of  control  and  treatment  transects  (eight  500  m 
segments/transect)  to  each  of  two  observers,  with  the  restriction  that  each  observer 
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Tabie  1.  Summary  of  Michigan  transect  locations  and  proposed  logging  of  study  areas 
effective  through  1991.  Asterisks  denote  sections  that  were  logged  in  1987  (*)  1988  (**), 
1989  (***),  and  1990  (****).  No  additional  study  areas  in  Michigan  are  scheduled  to  be 
logged  before  the  end  of  the  study. 


Number  and  Name 
affected 

Township 

Range 

Sections 

Number  of  500  m 
segments 

Cl 

Carney  Lake 

41N 

29W 

33,34,35,36 

2  (1992) 

C2 

Skunk  Creek 

42N 

28W 

14,23,24 

2  (1992) 

42N 

27W 

19,30 

C3 

Arnold 

43N 

25W 

31,32,33,34 

1  * 

43N 

25W 

32 

1  *** 

C4 

Lost  Lake 

41N 

29W 

21,26,27,28,35 

2  ** 

C5 

Bob's  Creek 

44N 

26W 

13,23,24,26 

^  **** 

T1 

Heart  Lake 

45N 

28W 

7,18 

1 

45N 

28W 

19 

1  *** 

T2 

Flat  Rock  Creek 

44N 

28W 

6 

3  * 

45N 

28W 

19,30,31 

T3 

Schwartz  Creek 

45N 

28W 

31 

2  ** 

45N 

29W 

26,27,35,36 

T4 

Turner  Road 

43N 

29W 

1.11.12 

0 

44N 

29W 

36 

T5 

Leeman’s  Road 

43N 

29W 

14,23,26,35 

0 
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sample  the  same  number  of  control  and  treatment  segments.  Control  and  treatment 
transects  were  sampled  simultaneously  by  the  two  obsen/ers. 

We  used  the  number  of  individuals  observed  in  ail  data  analyses  instead  of 
attempting  to  calculate  a  density  value.  Density  could  be  calculated  with  a  variety  of 
formulae  (Emien  1971, 1977;  Jdrvinen  and  VaisSnen  1975;  Burnham  et  ai.  1981),  but 
there  are  several  assumptions  that  must  be  met  before  these  methods  can  be  used. 

A  critical  assumption  is  that  distances  are  measured  accurately;  such  measurements 
are  difficult  to  obtain  when  birds  are  heard  but  not  seen,  as  is  tme  for  most  birds 
recorded  during  counts.  Without  accurate  distance  estimates,  these  methods  do  not 
provide  valid  density  estimates.  Instead,  density  estimates  provide  an  index  that  may 
be  no  better  than  the  original  counts  (Wilson  and  Bart  1985).  In  addition,  estimates  of 
density  are  not  needed  in  most  investigations,  especially  when  comparisons  of 
"relative  density"  are  less  costly  and  allow  the  investigator  to  meet  the  objectives  of 
the  experiment  (see  Vemer  1985).  Here,  we  only  assumed  that  the  number  of  birds 
recorded  was  related  to  the  density  of  birds  in  an  area  (Raphael  1987)  and  that  bird 
detectability  was  similar  within  control  and  treatment  areas. 

We  classified  each  species  by  (1 )  nesting  area,  (2)  food  or  foraging  type.  (3) 
breeding  habitat  preference,  and  (4)  migration  strategy  (Appendix  1 ),  using  published 
sources  (e.g.,  Martin  et  al.  1951;  Bent  1963,  1964;  Green  and  Niemi  1978;  Terres 
1982;  AOU  1983;  Blake  and  Karr  1984)  and  personal  obsen/ations.  Previous 
analyses  (Blake  et  al.  1988)  indicated  that  differences  between  treatment  and  control 
segments  were  most  likely  to  occur  among  groups  defined  on  the  basis  of  foraging 
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behavior  and  breeding  habitat.  Consequently,  we  used  those  guilds  in  analyses  of  the 
effects  of  the  ELF  antenna  during  1991. 

STATISTICAL  ANALYSES 
WITHIN  YEAR  COMPARISONS 

We  used  one-way  analysis-of-variance  (ANOVA)  or  Kruskal-Wallis  test  (Sokal 
and  Rohlf  1981)  to  test  for  differences  between  control  and  treatment  segments  for  the 
following  variables:  (1)  mean  number  of  individuals  observed  in  a  500  m  segment  in 
control  or  treatment  areas  during  each  season;  (2)  mean  number  of  species  obsen/ed 
in  a  500  m  segment  in  control  or  treatment  areas  during  each  season;  and  (3)  mean 
abundance  of  individual  species  on  control  or  treatment  areas. 

Variables  were  examined  for  normality  of  residuals  (Wilk-Shapiro  test;  skewness 
and  kurtosis)  and  homogeneity  of  variance  (Bartlett’s  test)  prior  to  statistical  analyses 
(Sokal  and  Rohlf  1981).  Variables  were  transformed  where  necessary  (e.g., 
logarithmic,  square  root)  to  reduce  skewness,  kurtosis,  and  heterogeneity  of  variances. 
A  nonparametric  test  (Kruskal-Wallis  test)  was  used  when  assumptions  were  not  met. 
even  after  transformation. 

In  previous  years  (e.g.,  Blake  et  al.  1991),  we  used  G-tests  to  compare 
distribution  and  abundance  of  less  common  species  on  treatment  and  control 
segments  on  the  basis  of  prominence  values: 

PV  =  D  *  F 

where  D  =  number  of  individuals  observed  and  F  » the  relative  frequency  of  species 
occurrence  on  treatment  or  control  segments.  The  prominence  value  weights  both  the 
frequency  of  occurrence  and  number  of  individuals  (Beals  1960;  Blake  1982)  and 
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therefore  provides  a  useful  description  of  bird  distribution  patterns.  However,  because 
the  count  data  are  transformed,  it  is  not  strictly  correct  to  compare  differences  based 
on  G-tests.  Consequently,  we  decided  to  use  Kruskal-Wallis  tests  in  this  (and  ail 
future  reports)  to  compare  differences  in  abundance  on  treatment  and  control 
segments  of  these  less  abundant  species;  the  large  sample  size  (40  segments  per 
treatment  or  control)  permitted  us  to  do  this.  To  facilitate  comparisons  with  previous 
years,  we  reanalyzed  results  previously  based  on  prominence  values. 

AMONG  YEAR  COMPARISONS 

We  used  two  approaches  to  analyze  distribution  patterns  among  years. 

(Because  some  segments  were  affected  by  logging  after  the  initial  census  in  1985,  we 
excluded  logged  segments  [>20%  logged]  in  analyses  of  annual  variation.)  First,  we 
examined  annual  differences  by  season  for  number  of  species  and  individuals  using  a 
two-way  ANOVA.  Second,  we  compared  changes  among  years  in  abundances  of 
birds  on  treatment  segments  to  changes  that  occurred  on  control  segments.  If 
antenna  operation  affected  bird  distribution  patterns,  we  would  expect  a  greater  mesm 
change  per  segment  on  treatment  than  on  control  segments.  We  combined  data  from 
1986  and  1987  from  each  segment  to  provide  a  pre-treatment  basis  for  comparison. 
We  then  compared  the  average  change  or  difference  in  abundance  on  treatment  and 
control  segments;  comparisons  were  made  between  pre-treatment  values  and  those  of 
all  subsequent  years.  The  antenna  «vas  in  partial  operation  during  1988,  considered  a 
partial  treatment  or  "Intermittent"  year.  Full  treatment  years  are  from  1989  on.  We 
used  t-tests  for  all  comparisons  of  mean  differences.  A  full  description  of  our  pre-  and 
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post-operational  analyses,  results  of  analyses  through  1 990,  and  a  summary  of 
antenna  operation  are  in  Appendix  2. 

PROBABIUTY  VALUES 

To  simplify  and  condense  the  results  section,  we  eliminated  all  probability  {P) 
values  from  the  text.  Any  difference  stated  *1  this  section  was  significant  to  at  least 
the  P  <  0.05  level. 

RESULTS 

WITHIN- YEAR  COMPARISONS 

Spedes  Richness  and  Abundance  of  Individuds 

Total  number  of  species  and  individuals  observed  varied  among  seasons  on 
control  and  treatment  transects  (Tables  2.  3).  Observations  for  all  species  are  in 
Appendix  3.  Total  abundance  was  highest  and  approximately  equal  during  June  and 
July  (Table  2).  Bird  abundance  and  species  diversity  were  significantly  higher  on 
control  segments  during  May  and  July,  but  no  other  differencas  between  treatment 
and  control  segments  were  significant  at  the  community  level  in  1991  (Table  3). 
Individual  Spedes 

Particularly  common  species  during  spring  migration  (May;  Appendix  3)  included 
Black-capped  Chickadee,  Yellow-rumped  Warbler,  and  White-throated  Sparrow  on 
treatment  segments;  Ovenbirds  and  Black-throated  Green  Warblers  were  abundant  on 
controls.  Six  species  (16%  of  38  tested)  showed  b  significant  difference  in  abundance 
between  controls  and  treatments  (Table  4);  only  the  White-throated  Sparrow  was  more 


abundant  on  controls. 


§* 

1104 

65 

S« 

g 

g 

g 

1 

s» 

S8 

s- 

M  Q 

S  ^ 

§8 

s- 

5» 

2« 

e 

fc. 

•• 

3. 

6- 

fc. 

g 

1 

8* 

89 

I- 

1039 

68 

58 

89 

1 

1 

g 

1 

1 

gs 

IS 

r8 

§9 

§« 

si; 

o 

^  * 

g  m 

59 

1 

1 

1 

1 

1 

ss 

<Q 

8^ 

•• 

§  * 

5« 

1$ 

la 

str: 

1258 

73 

ss 

o 

59 

p 

*» 

S' 

S' 

1 

S5* 

lA 

«o 

8S 

§8 

59 

P 

|3 

ISS 

0> 

§9 

Ci 

t. 

ST 

fc. 

1 

|8 

§8 

gs 

|8 

15 


-16- 


Table  4.  Mean  number  of  individuals  per  segment  for  species  that  showed  a  significant 
difference  in  abundance  between  treatment  (T)  and  control  (C)  segments  in  Michigan  in 
1991. 


Month 

Species 

T 

C 

MAY' 

Yellow-bellied  Sapsucker 

1.1 

* 

0.5 

Winter  Wren 

0.9 

* 

0.4 

Northern  Paruia 

0.3 

0.0 

Black-throated  Green  Warbler 

1.4 

* 

0.3 

Song  Sparrow 

0.2 

** 

0.0 

White-throated  Sparrow 

0.6 

* 

1.4 

JUNE^ 

Yellow-bellied  Sapsucker 

0.4 

* 

0.1 

Yellow-bellied  Rycatcher 

0.2 

* 

0.5 

Least  Flycatcher 

1.0 

* 

0.3 

Brown  Thrasher 

0.0 

* 

0.2 

Chestnut-sided  Warbler 

0.4 

* 

1.3 

Red-winged  Blackbird 

0.1 

0.0 

JULY* 

Downy  Woodpecker 

0.2 

* 

0.0 

Black-capped  Chickadee 

2.1 

♦* 

1.1 

Winter  Wren 

1.0 

*« 

0.4 

Blackburnian  Warbler 

0.2 

* 

0.0 

Mourning  Warbler 

0.4 

* 

0.1 

Rose-breasted  Grosbeak 

0.8 

0.1 

AUGUST* 

Downy  Woodpecker 

0.0 

* 

0.2 

Blue  Jay 

0.3 

♦ 

0.9 

White-breasted  Nuthatch 

0.4 

* 

0.1 

Brown  Creeper 

0.4 

• 

0.1 

Cedar  Waxwing 

0.7 

* 

2.0 

Common  Yellowthroat 

0.4 

* 

0.1 

Chipping  Sparrow 

0.2 

* 

0.0 

SEPTEMBER® 

Winter  Wren 

0.1 

♦ 

0.0 

Black-and-white  Warbler 

0.1 

* 

0.0 

^  38  species  tested  *  P  <  0.05;  **  P  <  0.01 
^  52  species  tested. 

^  46  species  tested. 

*  29  species  tested. 

^  28  species  tested. 
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The  Ovenbird  was  the  most  abundant  species  in  June  on  control  and  the 
Nashville  Warbler  was  the  most  abundant  on  treatment  segments  (Appendix  3). 

Three  species  were  significantly  more  abundant  on  control  segments  and  three  on 
treatment  segments  (Table  4;  6  significant  differences  out  of  52  species  tested;  12%). 

Abundant  species  during  July  (late  breecfing)  included  the  Nashville  Warbler  and 
Ovenbird  on  treatment  segments  and  Ovenbirds,  Red-eyed  Vireos,  and  Black-capped 
Chickadees  on  control  segments  (Appendix  3).  Six  species  (13%  of  46  tested) 
showed  a  significant  difference  in  abundance  between  controls  and  treatments  (Table 
4);  all  were  more  abundant  on  treatments. 

Cedar  Waxwings  were  common  on  treatment  segments  and  Black-capped 
Chickadees  were  common  on  both  treatment  and  control  segments  during  July 
(Appendix  3).  Seven  species  (24%  of  29  tested)  showed  a  significant  difference  in 
abundance  between  control  and  treatment  segments  (Table  4).  Four  species  were 
more  abundant  on  treatment  segments  and  three  on  controls. 

Bird  communities  during  late  fail  migration  (September)  were  dominated  by 
Black-capped  Chickadees  and  Red-breasted  Nuthatches  (Appendix  3).  Only  two 
species.  Winter  Wren  and  Black-and-white  Warbler,  differed  in  abundance  between 
control  and  treatment  segments  (Table  4;  7%  of  28  tested);  both  were  more  abundant 
on  treatment  segments. 

Guild  Composition 

Few  significant  differences  (3  of  25  tests)  in  abundance  of  different  foraging 
guilds  were  noted  between  treatment  and  control  segments  (Table  5).  Differences  in 
abundance  were  significant  in  May  and  July  for  foliage  insectivores  and  in  July  for 
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Table  5.  Mean  number  of  individuals  per  segment  in  foraging  and  habitat  guilds  that 
showed  a  significant  difference  (one-way  ANOVA)  between  treatment  (T)  and  control  (C) 
segments  in  Michigan  in  1991. 


Guild 

Month 

T 

C 

FQRAqiNQ  QgiLD$ 

Foliage  insects 

May 

6.7 

* 

8.2 

Foliage  insects 

July 

10.3 

# 

13.2 

Bark  insects 

July 

0.6 

* 

1.3 

HABITAT  qUILDS 

Deciduous  forest 

May 

4.5 

* 

7.1 

July 

7.3 

** 

12.9 

Mixed  forest 

May 

2.8 

* 

5.2 

Early  successional 

May 

1.8 

* 

0.9 

June 

3.8 

1.9 

August 

2.6 

*** 

1.1 

*  =  P  <  0.05 


Table  6.  Species  differing  between  treatment  and  control  segments  in  the  average 
change  in  abundance  from  pre-impact  years  (mean  of  1986  and  1987)  to  1991  (full 
impact  year).  Differences  were  tested  with  a  t-test.  Negative  values  indicate  that  number 
of  individuals  decreased  from  the  pre-impact  to  full  impact  year. 


Species 

Month^ 

Change  in  abundance  per  segment 

T  C 

Nashville  Warbler 

May 

-4.22 

* 

-2.82 

Yellow-bellied  Sapsucker 

June 

-0.38 

* 

0.35 

Great  Crested  Rycatcher 

June 

0.23 

* 

-0.43 

White-throated  Sparrow 

June 

-1.33 

* 

-0.50 

Rose-breasted  Grosbeak 

July 

-0.29 

* 

0.88 

Downy  Woodpecker 

August 

0.07 

** 

-0.93 

Downy  Woodpecker 

September 

0.07 

* 

-0.92 

I 

I 

I 


^  Number  of  species  tested:  May,  28;  June,  35;  July,  31;  August,  19;  September,  18. 
*-P<0.05;**  =  P<0.01. 
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bark  insectivores.  In  all  three  cases,  birds  within  these  guilds  were  more  abundant  on 
treatment  segments. 

Differences  were  slightly  more  pronounced  among  habitat  guilds  (20%  or  6  of  30 
tests  were  significant;  Table  5).  Birds  preferring  deciduous  forest  habitats  were  more 
common  on  control  segments  during  May  and  July.  Birds  preferring  early 
successional  habitats  were  more  abundant  on  treatment  segments  during  May,  June, 
and  August. 

AMONG-YEAR  COMPARISONS 

Considerable  annual  variation  in  abundance  of  individuals  and  species  was 
noted  (Table  3).  Abundance  has  tended  to  decline  during  much  of  this  study  (Figs.  3, 
4),  perhaps  reflecting  the  series  of  droughts  that  tiave  affected  much  of  the  region 
(see  Blake  et  al.  in  press),  although  a  slight  upturn  in  numbers  was  noted  in  1991. 
Although  some  treatment  effects  have  been  noted  for  individuals  during  May  and  for 
species  during  May,  June,  and  July  (Table  2).  Overall,  annual  variation  in  abundance 
and  species  richness  has  been  considerably  greater  than  variation  associated  with 
treatments. 

There  were  few  signficant  differences  between  treatment  and  control  segments 
in  the  average  change  in  abundance  of  birds  from  pre-impact  years  (1986,  1987)  to 
1991,  a  full  impact  year.  There  were  no  differences  when  changes  were  examined  at 
the  community  level  (total  individuals  or  species)  and  only  7  when  individual  species 
were  examined  (Table  6).  As  this  represents  only  5.3%  of  the  number  of  species 
tested,  it  is  no  more  than  might  be  expected  by  chance. 
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Figure  3.  Mean  number  of  individuals  recorded  per  500  m  on  treatment  and 
control  segments  in  Michigan. 
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Figure  4.  Mean  number  of  species  recorded  per  500  m  on  treatment  and  control 
segments  in  Michigan. 
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DISCUSSION 

SPEOES  DISTRIBUTION  AND  ABUNDANCE  PATTERNS 

No  consistent  patterns  have  yet  emerged  during  this  study  (1985-1991)  to 
demonstrate  that  distribution  patterns  of  birds  are  affected  by  electromagnetic  fields 
produced  by  ELF  antennas  in  Wisconsin  or  Michigan  (Hanowski  et  al.  1991,  Niemi  and 
Hanowski  1991,  this  report).  Few  significant  differences  in  abundance  between 
treatment  and  control  segments  have  been  found  at  the  community  or  species  level; 
differences  that  existed  in  one  season  or  year  were  not  necessarily  present  in 
subsequent  years  or  seasons.  Differences  between  treatment  and  control  segments 
were  most  noticeable  in  Michigan  during  May,  both  for  Individuals  (Rg.  3)  and  species 
(Fig.  4).  Apart  from  May,  significant  differences  in  abundance  within  a  single  year 
have  been  noted  three  times  for  number  of  species  (once  each  in  June.  July,  and 
September);  similar  results  were  noted  for  individuals).  Overall  treatment  effects  (all 
years  combined)  tend  to  be  more  pronounced  for  number  of  species  than  for 
individuals;  more  species  per  segment  typically  are  recorded  on  control  segments  than 
on  treatment  segments. 

The  Michigan  facility  was  operated  well  below  full  strength  in  1987  and  half  of 
1988  (15  amperes,  8  hr/day,  weekdays,  starting  June  1  1987  through  2  July  1988) 
and  at  75  amperes  (8  hr/day.  weekdays)  for  the  remainder  of  1988  (Appendix  2).  It 
was  operated  at  150  amperes  for  16-24  hr/day  during  most  of  the  1989  sampling 
period  and  during  all  of  1990.  There  has  been,  however,  little  noticeable  change  in 
bird  populations  on  treatment  segments  relative  to  those  on  control  segments. 
Populations  of  many  species  have  declined  in  abundance  (e.g.,  Rg.  5)  but  declines 
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Figure  5.  Total  number  of  individuals  of  four  abundant  migrants  recorded  during 
June  on  all  treatment  and  control  segments  in  Michigan. 
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have  occurred  on  both  treatment  and  control  segments,  often  in  concert.  Further, 
major  declines  occurred  before  the  antenna  began  operation  in  1988.  Finally,  no 
consistent  pattern  is  yet  evident  to  indicate  that  changes  in  abundance  on  treatment 
segments  have  been  more  pronounced  than  on  control  segments  since  the  antenna 
became  fully  operational.  That  is.  after  the  antenna  became  fully  operational  in  1 989, 
trends  in  abundance  on  treatment  and  control  segments  have  not  been  significantly 
altered. 

Results  from  Wisconsin  also  showed  little  consistency  among  years  or  seasons 
in  species  richness  or  number  of  individuals  (Hanowski  et  al.  1991).  If  the  ELF 
transmitter  strongly  influenced  bird  distribution  patterns,  one  might  expect  that 
changes  in  relative  abundance  of  birds  on  treatment  and  control  segments  would  be 
somewhat  consistent  (within  each  group)  from  one  year  to  the  next,  particularly  during 
the  breeding  season,  and  from  one  season  to  the  next.  There  was.  however,  little  or 
no  evidence  for  such  a  pattern.  Species  and  individuals  were  more  abundant  on 
treatment  segments  in  1985  and  individuals  were  more  abundant  on  treatment 
segments  in  1 986,  but  no  other  significant  difference  at  the  community  level  were 
noted,  in  fact,  throughout  1986-1989,  species  richness  and  abundance  of  individuals 
were  remarkably  similar  on  treatment  and  control  segments  in  Wisconsin  (Hanowski  et 
al.  1991). 

GUILD  DISTRIBUTION  PATTERNS 

Species  that  belong  to  the  same  "guild”  share  some  biological  characteristics. 
Thus,  if  the  ELF  antenna  system  influenced  the  distribution  patterns  of  birds,  we  might 
expect  members  of  a  particular  guild  to  be  influenced  in  a  similar  fashion.  Similarly, 
habitat  related  effects  may  be  evident  from  the  distribution  patterns  of  guild  members. 
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Relatively  few  differences  in  abundance  of  birds  in  different  guilds  were  noted 
between  treatment  and  control  segments  in  Michigan  in  1 991  or  either  state  in 
previous  years  (Blake  et  al.  1991,  Hanowski  et  al.  1991).  Differences  that  did  exist 
likely  reflected  differences  in  habitat  that  exist  between  treatment  and  control 
segments.  Treatment  segments  in  Michigan  have  more  early  successional  habitats 
than  do  control  areas  and  birds  breeding  in  such  habitats  showed  the  strongest 
treatment  effect,  being  more  abundant  on  treatment  segments  (e.g..  Chestnut-sided 
Warbler,  Rg.  5).  A  similar  result  was  noted  for  earlier  years  (Blake  et  al.  1991). 
Deciduous  forest  habitat  is  more  common  in  control  areas  and  coniferous  habitats 
more  common  in  treatment  segments  in  both  states  (Blake  et  al.  1988);  distribution  of 
birds  preferring  deciduous  habitat  followed  a  similar  trend. 

INDIVIDUAL  SPECIES 

Habitat  or  EM  related  differences  that  exist  between  treatment  and  control 
segments  may  not  influence  all  bird  species  in  the  same  manner,  if  some  species  are 
more  abundant  on  control  and  others  on  treatment  segments,  then  such  differences 
might  cancel  each  other,  producing  nonsignificant  results  at  the  community  level,  if 
differences  between  treatment  and  control  segments  (either  related  to  habitat  or  EM 
fields)  are  primary  factors  influencing  distribution  patterns  of  individual  species,  then 
we  might  expect  those  species  to  show  similar  patterns  among  years  and  seasons. 

There  have,  however,  been  relatively  few  cases  where  differences  in  abundance 
of  a  species  between  treatment  and  control  segments  have  remained  consistently 
significant  among  seasons  and  years  in  Michigan  (Table  7;  Fig.  5).  A  total  of  50 
spedes  in  Michigan  have  shown  a  significant  difference  in  abundance  between 


-26- 


Table  7.  Number  of  years  per  month*  (1986  -  1991;  1985  -  June  only)  that  spedes  were 
signifi<^tly  (Kruskal  Wallis  test)  nrare  abundant  on  treatment  or  omtrol  segn^ts. 


Species 

More  on  treatment 

More  on  control 

M 

Ju 

Jy 

A 

S 

M  Ju  Jy 

A 

S 

American  Woodcock 

Northern  Ricker 

1 

1 

1 

Yellow-bellied  Rycatcher 

Gray  Jay 

3 

2 

Gol^n-aowned  Kinglet 

1 

2 

1 

1 

Hermit  Thrush 

1 

1 

American  Robin 

Brown  Thrasher 

2 

1 

2 

Solitary  Vireo 

1 

Nashville  Warbler 

3 

3 

Chestnut-sided  Warbler 

4 

2 

Yellow-rumped  Warbler 

1 

2 

Rufous-sided  Towhee 

1 

White-throated  Sparrow 

1 

5 

2 

1 

2 

Dark-eyed  Junco 

2 

Ruffed  Grouse 

1 

1 

Downy  Woodpecker 

1 

1  1 

1 

Blue  Jay 

1 

1 

1 

Cedar  Waxwing 

2 

1 

Mourning  Warbler 

1 

1 

Indigo  Bunting 

1 

1 

1 

Chipping  Sparrow 

2 

1 

1 

Song  Sparrow 

2 

1 

1 

1 

Yellow-bellied  Sapsucker 
Hairy  Woodpecker 
Eastern  Wood-Pewee 
Least  Flycatcher 
Great  Crested  Rycatcher 
Black-capped  Chickadee 
Red-breasted  Nuthatch 
White-breasted  Nuthatch 
Brown  Creeper 
Winter  Wren 
Sedge  Wren 
Veery 

Red-eyed  Vireo 
Northern  Parula 


5  2  3  2  1 

1 

1 

1  1 

1  3  2 

1  1  1 

1 

2  1 

2  1  1 

3  3  1  1 

1 
1 

1  1 
3  1  1 
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Table  7  (continued). 


Species  More  on  treatment  More  on  control 


MJuJyAS  MJuJyAS 


Black-throated  Green  Warbler 

Blackburnian  Warbler 

2 

1 

1 

Black-and-white  Warbler 

3 

1 

Ovenbird 

3 

2 

Common  Yellowthroat 

2 

1  1 

Canada  Warbler 

1 

Scarlet  Tanager 

1 

1 

Rose-breasted  Grosbeak 

1 

2 

1 

Swamp  Sparrow 

1 

1 

Red-winged  Blackbird 

2 

5 

3 

Common  Grackie 

1 

Brown-headed  Cowbird 

1 

2 

Purple  Rnch 

1 

Number  of  species  6  14  6  9  3  18  17  20  8  7 

Number  significant  differences  8  28  11  12  4  33  29  27  9  7 


*  M  =  May;  Ju  »  June;  Jy  =  July;  A  =  August;  S  *  September. 


-28- 


treatment  and  control  segments  in  at  least  one  season  and  year.  Somewhat  more 
species  (27)  were  more  abundant  on  control  than  on  treatment  segments  (15)  (Table 
7).  However,  12  species  have  shown  a  significant  difference  in  only  one  season  in 
one  year  (Table  7)  and  eight  species  have  been  more  abundant  on  treatment 
segments  in  one  season  and  on  control  segments  in  another.  For  example,  the 
Chipping  Sparrow  was  more  abundant  on  treatment  segments  during  June  in  two 
years  but  was  more  common  on  control  segments  during  May  and  August  in  other 
years.  Such  changes  in  distribution  may  reflect  seasonal  changes  in  habitat  selection. 
For  example,  a  species  may  breed  in  one  habitat  but  then  move  into  a  different  habitat 
following  breeding.  If  distribution  of  breeding  and  nonbreeding  habitats  differ  between 
treatments  and  controls,  a  switch  in  abundance  between  treatment  and  controls  also 
may  occur. 

Several  species  have  shown  a  more  consistent  pattern  of  distribution  between 
treatment  and  control  segments.  White-throated  Sparrows,  for  example,  have  been 
consistently  more  abundant  on  treatment  segments,  particularly  in  June  (Table  7). 
Chestnut-sided  and  Nashville  Warblers  also  have  been  consistently  more  abundant  on 
treatment  segments  (Fig.  5).  Several  species  (e.g..  Yellow-bellied  Sapsucker,  Winter 
Wren,  Ovenbird  [Fig.  5],  and  Red-winged  Blackbird)  consistently  have  been  more 
abundant  on  control  segments. 

Differences  in  abundance  of  specie^  that  showed  a  consistent  difference 
between  treatment  and  control  segments  likely  are  related  to  habitat  in  many  cases. 
White-throated  Sparrows,  for  example,  favor  early  successional  habitats.  Such 
habitats  were  more  common  on  treatment  segments  than  on  controls  in  Michigan,  in 
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contrast.  deciduous  woods  are  more  common  on  control  segments  and  Yellow-beliied 
Sapsuckers.  which  prefer  deciduous  forests,  were  more  frequently  observed  on  control 
segments. 

If  the  antenna  operation  adversely  affected  bird  species,  we  might  have 
expected  the  number  of  species  more  abundant  on  treatment  segments  to  decline 
after  operation  began.  Birds  have  been  sampled  during  all  five  months  since  1 986. 
Both  1986  and  1987  can  be  considered  pre-impact  years  (although  the  antenna  was 
tested  at  low  power  during  part  of  1 987).  The  antenna  was  tested  at  half  strength 
during  1988  and  was  at  full  strength  during  most  of  1989  and  all  of  1990  and  1991 
(Appendix  2).  Thus,  we  consider  1988  a  transitional  year  and  1989  -  1991  as  impact 
years.  During  1986-1987.  species  were  significantly  more  abundant  on  treatment 
segments  in  18  instances  and  more  abundant  on  control  segments  35  times  (Fig.  6). 
(We  are  not  including  1985  here  as  samples  were  collected  only  during  June.)  During 
1989-1991.  species  were  more  abundant  on  treatment  segments  24  times  and  51 
times  on  controls.  Thus,  a  similar  proportion  of  significant  differences  were  noted  for 
species  more  abundant  on  treatment  segments  both  before  (34%)  and  after  (32%) 
antenna  operation  reached  full  strength.  The  difference  in  distribution  between  the 
pre-  (1986-1987)  and  post-impact  (1989-1991)  periods  was  not  significant  (comparing 
number  of  species  more  abundant  on  treatment  or  control  segments  during  each  of 
the  two  periods  [i.e.,  pre-  and  post-impact);  =  0.05,  P>  0.80,  1  df).  Similarly,  if  the 
distribution  of  significant  differences  is  compared  among  all  years,  no  difference  exists 
among  years  (x^  »  3.59,  P>  0.60,  5  df).  The  increase  from  1987  to  1988  in  number 
of  species  more  abundant  on  treatment  segments  (Fig.  6)  may  reflect  the  effect  of  the 
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Figure  6.  Number  of  cases  per  year  when  species  were  significantly  more 
abundant  on  treatment  or  control  segments  in  Michigan. 


-31- 


1988  drought  (Blake  et  al.  in  press).  Lowland  (i.e.,  wet)  habitats  are  more  common  on 
treatment  segments  than  on  controls  and  such  habitats  may  have  provided  a  refuge 
for  birds,  particularly  in  reiation  to  the  drier  upland  habitats  more  common  in  control 
areas. 

Number  of  species  more  abundant  on  control  or  treatment  segments  also 
showed  little  consistency  over  time  when  examined  among  years  by  month  (Fig.  7). 
(August  and  September  were  omitted  because  too  few  differences  were  noted.)  This 
was  particularly  true  during  June,  the  main  breeding  period,  when  effects  of  antenna 
operation  should  be  most  strongly  felt  (i.e.,  because  birds  are  strongiy  tied  to 
territories  and  are  less  apt  to  wander). 

OBJECTIVES 

Our  major  objectives  for  1991  were  to  complete  bird  censuses  during  all 
seasons,  to  initiate  comparisons  based  on  pre-  and  post-impact  data,  and  to  complete 
this  annual  report.  Additionally,  several  manuscripts  derived  from  previous  work  have 
been  submitted  for  publication  or  are  in  preparation  (Appendix  4).  Our  objectives  for 
1992  and  beyond  are  to  continue  our  sampling  of  bird  communities  in  Michigan, 
following  our  established  procedures. 
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Appendix  1 .  Nesting,  feeding,  habitat,  and  migration  classification  for  bird  species 
observed  in  Michigan  and  Wisconsin. 


Species 

Nesting 

Food 

Habitat 

Migration 

Common  Loon 

1 

1 

9,8 

2 

Pied-billed  Grebe 

1 

1 

9,8 

2 

American  Bittern 

3 

1 

6,S 

2 

Great  Blue  Heron 

2 

1 

9.1, 2,3 

2 

Wood  Duck 

4 

18 

9,1 

2 

Mallard 

1 

18 

9,8 

2 

Blue-winged  Teal 

1 

18 

9,8 

3.2 

Turkey  Vulture 

1 

3 

3,1,5 

2.3 

Osprey 

2 

1 

9,3 

2,3 

Bald  Eagle 

2 

1 

9,3 

2,1 

Northern  Harrier 

1 

2 

8,5,10 

2,3 

Sharp-shinned  Hawk 

2 

2 

2,3,11 

2 

Cooper’s  Hawk 

2 

2 

1,3 

2 

Northern  Goshawk 

2 

2 

2.3 

4,1 

Broad-winged  Hawk 

2 

2 

3,1 

3 

Red-tailed  Hawk 

2 

2 

5,1 

2 

American  Kestrel 

4 

2 

5.4 

?3 

Sp'’uce  Grouse 

1 

4 

2.11 

1 

Ruffed  Grouse 

1 

4 

1,3,4 

1 

Sp'’'jce  Grouse 
Ruffed  Grouse 
Virginia  Rail 


3 


19 


6,8 


2 
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Appendix  1  (continued) 


Species  Nesting 

Sora  3 

Sandhill  Crane  1 

Solitary  Sandpiper  2,3 

Spotted  Sandpiper  1 

Common  Snipe  1 

American  Woodcock  1 

Mourning  Dove  2,3 

Black-billed  Cuckoo  3 

Yellow-billed  Cuckoo  3 

Great  Horned  Owl  2 

Barred  Owl  2 

Common  Nighthawk  1 

Whip-poor-will  1 

Chimney  Swift  4 

Ruby-throated  Hummingbird  2 

Belted  Kingfisher  4 

Yellow-bellied  Sapsucker  4 

Downy  Woodpecker  4 

Hairy  Woodpecker  4 

Black-backed  Woodpecker  4 

4 


Food 

Habitat 

Migration 

19,18 

8,6 

2 

5 

8,5,10 

2 

19 

9 

3 

19 

9 

2.3 

19 

8,6,5 

2 

6 

6.5,4.1 

2 

7 

5,7 

2 

10 

1.4.6 

3 

10 

1.4,6 

3 

2 

3.2,1 

1 

2 

1.3 

1 

11 

3,7,4 

3 

11 

1,3,4 

2 

11 

7,3,1 

3 

17 

5,7,4 

3 

1 

9 

2 

17,16 

1,3,2 

2 

16 

1.4.3 

1 

16 

1.3,4 

1 

16 

2,11,3 

1 

9 

1.3,2 

2 

Northern  Ricker 
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I  Appendix  1  (continued) 

I  _ 


Species 

Nesting 

Food 

Habitat 

Migration 

Pileated  Woodpecker 

4 

16 

1.3.2 

1 

Olive-sided  Flycatcher 

2 

12 

4.11,2 

3 

Eastern  Wood-Pewee 

2 

12 

3.1.2 

3 

Yellow-bellied  Flycatcher 

1 

12 

11.2 

3 

Alder  Flycatcher 

3 

12 

6 

3 

Least  Flycatcher 

2 

12 

1.3.4 

3 

Eastern  Phoebe 

5 

12 

9,7 

2 

Great  Crested  Flycatcher 

4 

12 

1.3 

3 

Eastern  Kingbird 

2.3 

12 

5,4,10,8 

3 

Tree  Swallow 

4 

11 

5.7, 4,9 

2,3 

Gray  Jay 

2 

5 

11,3,2 

1 

Blue  Jay 

2 

5 

1.3.2 

1 

American  Crow 

2 

5 

5.1, 3.7 

2,1 

Common  Raven 

2 

5 

2,3,7 

1 

Black-capped  Chickadee 

4 

10 

1.3,11,2 

1 

Boreal  Chickadee 

4 

10 

11,2 

1 

Red-breasted  Nuthatch 

4 

16 

2,3.11,1 

1 

White-breasted  Nuthatch 

4 

16 

1.3 

1 

Brown  Creeper 

4 

16 

1.3,2.11 

2,1 

House  Wren 

4 

10 

7.4 

2 

Winter  Wren 


1,6 


10 


3,11.4,2 


2 


Appendix  1  (continued) 


Species 

Nesting 

Food 

Habitat 

Migration 

Sedge  Wren 

3 

10 

8.6,5 

2 

Marsh  Wren 

3 

10 

8 

2 

Golden-crowned  Kinglet 

2 

10 

2,11 

2.1 

Ruby-crowned  Kinglet 

2 

10 

2,11.4.6 

2 

Veery 

1 

9 

1. 4,3.6 

3 

Gray-cheeked  Thrush 

3 

9 

4.11.2 

3 

Swainson's  Thrush 

2,3 

9 

11.2.4 

3 

Hermit  Thrush 

1 

9 

3,11.1.2 

2 

Wood  Thrush 

3.1 

9 

1.3 

3 

American  Robin 

2.3,1 

9 

5.7,4, 1 

2.1 

Gray  Catbird 

3 

13 

4,6.7 

2.3 

Brown  Thrasher 

3 

9 

4.7 

2 

Bohemian  Waxwing 

2 

14 

4,3.1 

4 

Cedar  Waxwing 

2 

14 

4,3,1 

1.2 

European  Starling 

4 

9 

7.3 

1 

Solitary  Vireo 

2 

10 

3.11.2 

3,2 

Yellow-throated  Vireo 

2 

10 

1.3 

3 

Warbling  Vireo 

2 

10 

4,3.1 

3 

Philadelphia  Vireo 

2,3 

10 

1.3.6 

3 

Red-eyed  Vireo 

2.3 

10 

1.3,4 

3 

Goiden-winged  Warbler 


1,3 


10 


4.6 


3 
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Appendlx  1  (continued) 
Spedes 

Mourning  Warbler 
Common  Yeliowthroat 
Wilson’s  Warbler 
Canada  Warbler 
Scarlet  Tanager 
Rose-breasted  Grosbeak 
Indigo  Bunting 
Rufous-sided  Towhee 
American  Tree  Sparrow 
Chipping  Sparrow 
Clay-colored  Sparrow 
Field  Sparrow 
Savannah  Sparrow 
Fox  Sparrow 
Song  Sparrow 
Lincoln’s  Sparrow 
Swamp  Sparrow 
White-throated  Sparrow 
VVhite-crowned  Sparrow 
Dark-eyed  J  nco 
Snow  Bunting 


Nesting 

Food 

Habitat 

Migration 

1.3 

10 

4.3 

3 

3 

10 

6.8.4 

2.3 

3 

10 

6 

3 

3 

10 

3.4 

3 

3 

10 

1.3 

3 

3.2  13 

1.4.3 

3 

3 

15 

5.4 

3 

1.2.3 

8 

4 

2 

3 

7 

5 

4.2 

2 

8 

2.3.4,11 

2 

3 

8 

5.6 

2,3 

1.3 

8 

5 

2 

1  8 

1.3  8 

3  8 

1  8 

3  8 

1  8 

1.3  8 

1  8 


5,8,10  2 

4.5  2 

5.4,6  2 

10.8.4  2 

6,8  2 

4,3.2.11.1  2 

4.6.5  2 

11.2.3.4  2.1 


5 


7 


5 


4 
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Appencfix  1  (continued) 


Species  Nesting  Food  Habitat  Migration 


Bobolink  1  8  5,8  3 


Red-winged  Blackbird  3 

Eastern  Meadowlark  1 

Western  Meadowlark  1 

Yellow-headed  Blackbird  3 

Rusty  Blackbird  3 

Brewer’s  Blackbird  3,1 

Common  Crackle  3 

Brown-headed  Cowbird  7 

Northern  Oriole  2 

Pine  Grosbeak  2 

Purple  Finch  2 

Red  Crossbill  2 

White-winged  Crossbill  2 

Common  Redpoll  3 

Hoary  Redpoll  3 

Pine  Siskin  2 

Am  can  Goldfinch  3,2 

Evening  Grosbeak  2 

House  Sparrow  4 


8  8  2 

6  5  2 

6  5  2 

8  8  2 

8  9  2 

8  5  2 

5  5,9,7  2 

8  5,4,1, 7  2 

13  1,3  3 

7  2,11  4 

7  3,2,4  2,1 

7  2,11,3  4,1 

7  2,11,3  4,1 

7  5  4 

7  5  4 

15  2,3  1,4 

7  5,6,4  2 

15  3,2,7  1,4 

7  7  1 
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Appendix  1  (cx>ntjnued) 

A.  Netting 

1  Ground 

2  Ccuiopy  or  canopy  vegetation  (tree  but  not  necessarily  tree  top) 

3  Subcanopy  or  shrub 

4  Cavity,  hole  or  bank 

5  Ledge  or  platform 

6  Cavity  -  tree  roots 

7  Nest  parasite 

B.  Food 

1  Aquatic  vertebrates,  including  fish  or  other  aquatic  vertebrates 

2  Birds,  small  mammals,  large  insects 

3  Carrion 

4  Vegetation  such  as  buds,  pine  needles,  and  seeds  but  excluding  species 
concentrating  on  seeds  or  fruits 

5  Various  small  vertebrates  (including  eggs  and  young),  invertebrates,  plants, 
carrion,  etc.  (e.g..  Omnivores) 

6  Ground  invertebrates 

7  Seeds  (plus  a  smaller  amount  of  fruit  by  some  species) 

8  Ground  invertebrates  and  seeds 

9  Ground  invertebrates  and  fruit 

10  Foliage  invertebrates 

1 1  Aerial  insects  -  taken  while  in  continuous  flight 

12  Aerial  insects  -  taken  in  sallies  from  a  perch 
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Appendix  1  (continued) 

13  Foliage  invertebrates  and  fnjit 

14  Fruit 

15  Foliage  invertebrates  and  seeds 

16  Bark  insects 

17  Nectar  and  sap 

18  Aquatic  vegetation 

19  Aquatic  invertebrates 

C.  Habitat 

1  Deciduous  forest 

2  Coniferous  forest 

3  Mixed  deciduous  -  coniferous  forest 

4  Early  successional  deciduous  -  coniferous  forest 

5  Fields  and  meadows 

6  Shrub  swamp 

7  Urban 

8  Open  wetlands  (e.g.,  sedge  fen.  cattail) 

9  Ponds,  lakes,  nvers,  and  streams 

10  Muskeg 

1 1  Lowland  coniferous  forest 

D.  Migration 

1  Permanent  resident;  populations  may  be  augmented  during  winter  or  during 
summer 
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Appendix  1  (continued) 

2  Short-distance  migrant;  generally  includes  breeders;  individuals  generally 
winter  south  of  study  areas  but  most  winter  north  of  the  tropics 

3  Long-distance  migrant;  generally  winter  south  of  the  U.S. 

4  Winter  resident 
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1.  TECHNICAL  SUMMARY 

Pre  and  post-antenna  ooefational  date  base 

Our  investigation  to  determine  effects  of  ELF  etectromagnetic  fields  began  in 
Michigan  in  iate  summer  of  1984.  Data  were  collected  during  the  fall  migratk>n  period  k\ 
1984  to  test  methods  and  assess  adequacy  of  sample  size.  We  do  not  include  these 
data  in  statistical  analyses  because  several  of  the  study  areas  were  changed  between 
1984  and  1985  due  to  unsuitable  electrcmiagnetic  field  ratios  between  control  and 
treatment  areas  (Brosh  et  al.  1986).  Breeding  bird  (June)  data  were  gathered  in  existing 
study  areas  in  1985.  In  1986  we  expanded  the  scope  of  the  study  to  include  migrating 
birds.  We  have  gathered  data  during  spring  migration  (May),  breeding  (June),  late- 
breeding  (July),  early  fall  migration  (August),  and  late  fall  migration  September)  since 
1986. 

Based  on  antenna  operation  and  testing  data,  we  have  one  year  of  true  pre- 
operational  data  (1985  breeding  season).  The  antenna  was  tested  for  short  periods  of 
time  at  low  power  in  1986  (4-6  amps)  and  in  1987  (15  amps)  (Figure  1).  The  duration  of 
operation  and  power  was  increased  in  1988  (75  amps)  and  in  1989  the  antenna  was 
operated  at  full  power  (150  amps)  (Rgure  1).  Magnitudes  of  76  Hz  longitudinal  electric 
fields  arxi  76  Hz  magnetic  flux  densites  measured  at  our  control  and  treatment  study 
areas  reflect  the  level  of  power  at  which  the  antenna  was  operated  (Rgure  2).  Exposures 
in  1986  and  1987  were  similar  in  terms  of  duration  and  magnitude  and  there  was  an  order 
of  magnitude  change  in  both  electric  and  magnetic  fields  between  1987  and  1988  when 
the  power  was  increased  from  1 5  to  75  amps  (Rgure  2).  The  EM  exposure  criteria  set  at 
the  beginning  of  the  project  specified  that  control  and  treatment  exposures  must  differ  by 


4 

IN 


Figure  1 .  Power  (amps)  of  operation  and  number  of  hours  antenna  was  operated  in  each  month  (M  «  May:  J  *  June; 
JL  =>  July;  A  »  August;  S  =  September)  from  1986  (6)  to  1989  (9)  in  Michigan. 


z  Longitudinal  Electric  Fields  76  Hz  Magnetic  Flux  Densities 


-56- 


-57- 


an  order  of  magnitude.  Therefore,  because  there  was  an  order  of  magnitude  change  in 
EM  field  exposure  between  1987  and  1988  we  consider  1986  and  1987  as  pre-full 
operational  data,  1988  as  transitional,  and  1989, 1990,  and  1991  as  post-full  operational 
data. 

Statistical  model  for  ore  and  post-operational  comparisons 

We  are  testing  the  hypothesis  that  there  is  no  difference  in  the  magnitude  and 
direction  of  change  in  control  versus  treatment  study  areas  between  the  pre-full 
operational  years  and  post-full  operational  years  for  bird  spedes  and  community 
parameters.  The  before-and-after  statistical  model  (Equation  1)  that  we  used  to  test  the 
hypothesis  calculates  the  difference  between  each  post-operational  (postj)  year  and  the 
mean  of  the  pre-operational  years  (prexse.a?)* 

Equation  1.  A  =  pos^  -  P>’®x86,87 

This  difference  (A)  is  calculated  for  each  500  m  transect  and  the  mean  difference  among 
control  (A  C)  and  mean  difference  among  treatment  (A  T)  transects  is  compared  with  a  t- 
test  (two-tailed). 

This  model  is  preferred  over  a  standard  t-test  or  two-way  ANOVA  (treatment  and 
year)  that  tests  for  differences  in  mean  number  of  individuals  in  control  and  treatment 
transects  in  each  year  because  it  directly  tests  the  null  hypothesis  (e.g.,  there  is  no 
difference  in  A  C  and  A  T  in  pre  and  post-operational  years  between  control  and  treatment 
areas).  A  t-test  or  two-way  ANOVA  using  mean  values  would  not  allow  us  to  separate 
inherent  differences  between  control  and  treatment  (e.g.,  due  to  habitat)  from  EM  field 
induced  changes.  For  example,  we  obsenred  differences  in  bird  parameters  between 
control  and  treatment  areas  before  the  antenna  was  operated  (June  1985).  Differences  in 


-58- 


mean  values  between  control  and  treatment  were  attributed  to  differences  in  habitat 
between  control  and  treatment  areas.  Because  these  differences  in  habitat  are  still 
present  after  the  antenna  has  become  operational,  a  t-test  or  two-way  ANOVA  for  any 
bird  parameter  that  showed  a  difference  prior  to  antenna  operation  would  not  allow  us  to 
test  for  EM  exposure  effects  in  subsequent  years.  In  contrast,  a  test  that  compares 
changes  in  numbers  of  birds  between  control  and  treatment  study  areas  controls  for  initial 
differences  in  habitat  and  subsequent  differences  in  bird  abundance  between  study  areas 
when  the  antenna  became  operational. 

Variable  selection 

The  following  parameters  were  selected  for  testing  with  the  before-and-after  design: 
(1)  total  number  of  individuals  /  500  m  transect;  (2)  total  number  of  species  /  500  m 
transect;  (3)  numbers  of  individuals  /  500  m  transect  within  each  habitat,  feeding,  nesting, 
and  migration  guild;  and  (4)  number  of  individuals  /  500  m  transect  for  those  species  that 
occur  on  at  least  25%  of  (10  of  40)  control  or  treatment  transects  in  one  year. 

Differences  between  pre  and  post  years  for  individual  species  are  not  computed  for 
transects  where  the  species  was  not  present  in  both  pre  and  post  years.  This  was  done 
to  eliminate  zero  difference  values  (e.g,  0-0  =0)  from  the  calculation  of  mean 
differences.  Including  zero  values  would  result  in  a  lower  mean  of  the  differences  and 
WO' 'Id  be  influenced  by  the  number  of  study  areas  where  the  species  did  not  occur.  Zero 
values  are  included  for  species  that  are  present  in  either  pre  or  post  years. 

Power  of  statistical  tests 

We  used  the  formula  presented  by  Lehmann  and  D’Abrera  (1975)  to  calculate  the 
power  of  a  t-test.  We  used  the  mean  change  in  control  (A  C)  and  treatment  (A  T)  (each 
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post-year  minus  mean  of  pre-years)  values  in  these  analyses.  We  present  data  for 
community  parameters  (number  of  individuals  and  species),  the  three  most  abundant  guild 
categories  for  migration,  nesting,  feeding,  and  habitat,  and  the  most  abundant  individual 
bird  species  for  each  month  (May  to  September).  Sample  size,  mean,  and  coefficient  of 
variation  values  presented  are  the  mean  values  of  control  and  treatment  study  areas  in 
1988, 1989,  and  1990.  Sample  sizes  reported  in  the  tables  are  the  mean  number  of 
study  areas  where  the  species  occurred  in  1988, 1989,  and  1990  (Tables  1  to  5). 

Power  of  t-tests  (two-tailed)  are  preserved  for  levels  of  change  in  terms  of  number 
of  birds.  For  example,  a  power  of  0.83  for  American  Robin  in  May  for  change  of  one  bird 
indicates  that  we  would  have  an  83%  chance  of  detecting  a  difference  in  change  between 
control  and  treatment  of  one  bird.  Therefore,  if  abundance  of  this  species  changed  from 
2.1  (pre-operational)  to  1.1  (post-operational)  on  treatments  and  did  not  change  (e.g.,  pre 
and  post-operational  difference  =  0)  in  control  areas  the  t-test  would  indicate  a  significant 
difference  for  this  bird  (P  <  0.05).  The  power  for  each  variable  is  in  bold  in  the  tables 
when  it  reaches  or  exceeds  0.80.  This  is  the  value  used  by  our  statistical  tests  when 
determining  if  the  difference  between  control  and  treatment  study  areas  is  significant 
(alpha  0.05). 

The  difference  in  power  in  terms  of  change  in  number  of  birds  for  each  group  of 
variables  primarily  reflects  the  magnitude  of  the  variance  of  the  variable.  For  example, 
the  mean  value  for  total  number  of  individuals  is  highest  and  the  power  of  0.80  is  not 
reached  until  there  is  a  difference  of  five  or  more  birds  between  control  and  treatment 
areas.  Variance  values  for  individual  species  are  lower  and  a  power  of  0.80  is  reached 
when  there  is  a  difference  in  change  between  control  and  treatments  of  one  or  two  birds. 
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Tabla  1.  Msan  (control  and  traatmant  1988, 1989,  1990),  ooafficiant  o(  variation,  sampla  siza  (maan  of  sagmants 
whara  individual  oocurrad  ovar  3  yaars),  and  powar  of  t-taat  (two-talad)  basad  on  tha  diffaranoa  balwaan  post-  and 
pra^rparationai  antanna  bird  parametars  for  May.  Transacts  with  zaro  counts  during  pra  and  post  yaars  ara  not 
included.  Logged  sites  were  also  sxdudad.  Fdr  axampla,  tha  poarar  of  detecting  a  diffarettoa  in  post-  arKl  pra- 
oparational  numbers  of  one  American  Robin  individual  between  control  and  treatment  study  areas  is  0.83  (if  such  a 
difference  exists). 


Parameter 

N 

Mean 

CV 

0.5 

1 

Change  in  number  of 
individuals  (post-pre) 

2  3  4 

5 

Total  individuals 

70.00 

18.97 

46.50 

0.04 

0.07 

0.17 

0.33 

0.53 

0.72 

Total  no.  species 

70.00 

8.59 

41.23 

0.10 

0.26 

0.80 

0.98 

1.00 

1.00 

Permanent  resident 

69.67 

4.08 

68.76 

0.10 

0.29 

D.80 

0.99 

1.00 

1.00 

Short  distance  migrant 

70.00 

10.54 

60.45 

0.06 

0.11 

0.32 

0.60 

0.84 

0.96 

Long  distance  migrant 

70.00 

3.75 

150.01 

0.08 

0.18 

0.56 

0.88 

0.99 

1.00 

Grourtd  nests 

70.00 

5.82 

79.04 

0.07 

0.16 

0.48 

0.81 

0.97 

1.00 

Canopy  nests 

70.00 

6.25 

61.94 

0.07 

0.15 

0.46 

0.80 

0.96 

1.00 

Subcanopy  nests 

60.00 

1.72 

164.06 

0.10 

0.28 

0.80 

0.98 

1.00 

1.00 

Ground  ins.  &  seeds 

66.33 

2.81 

123.16 

0.09 

0.24 

0.80 

0.97 

1.00 

1.00 

Foliage  insects 

70.00 

7.62 

62.99 

0.06 

0.14 

0.42 

0.80 

0.94 

0.99 

Ground  invertebrates 

69.33 

3.05 

76.83 

0.12 

0.36 

0.89 

1.00 

1.00 

1.00 

Deciduous  habitat 

69.67 

s.i* 

68.69 

0.08 

0.21 

0.64 

0.94 

1.00 

1.00 

Coniferous  habitat 

68.00 

4.17 

86i^ 

0.10 

0.27 

0.80 

0.97 

1.00 

1.00 

Mixed  habitat 

70.00 

4.31 

75.37 

0.08 

0.21 

0.63 

0.93 

1.00 

1.00 

Yellow-bellied  Sapsucker 

38.67 

1.35 

84.58 

0.26 

0.80 

1.00 

1.00 

1.00 

1.00 

Least  Rycatcher 

21.67 

0.94 

206.54 

0.09 

0.23 

0.68 

0.96 

1.00 

1.00 

Blue  Jay 

60.00 

0.62 

169.20 

0.27 

0.80 

1.00 

1.00 

1.00 

1.00 

Red-winged  Blackbird 

14.67 

1.05 

186.10 

0.07 

0.15 

0.47 

0,81 

0.97 

1.00 

White-throated  Sparrow 

51.00 

1.80 

136.96 

0.13 

0.38 

0.91 

1.00 

1.00 

1.00 

Nashville  Warbler 

65.00 

1.40 

346.08 

0.10 

0.28 

0.80 

0.99 

1.00 

1.00 

Yellow-rumped  Warbler 

59.33 

1.50 

117.71 

0.16 

0.48 

0.97 

1.00 

1.00 

1.00 

Black-throated  Green  Warbler 

46.00 

0.85 

296.32 

0.16 

0.50 

0.98 

1.00 

1.00 

1.00 

Ovenbird 

49.67 

0.79 

162.95 

0.26 

0.80 

1.00 

1.00 

1.00 

1.00 

Winter  Wren 

48.33 

0.86 

113.(» 

0.48 

0.97 

1.00 

1.00 

1.00 

1.00 

Black-capped  Chickadee 

58.00 

1.95 

80.54 

0.22 

0.65 

1.00 

1.00  . 

1.00 

1.00 

Golden-crowned  Kinglet 

45.33 

1.98 

115.62 

0.13 

0.39 

0.92 

1.00 

1.00 

1.00 

Hermit  Thrush 

53.67 

1.18 

104.36 

0.27 

0.80 

1.00 

1.00 

1.00 

1.00 

American  Robin 

56.67 

1.04 

107.61 

0.31 

0.83 

1.00 

1.00 

1.00 

1.00 
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Tabl*  2.  M«an  (control  and  traatment  1988,  1989,  1990),  ooaffidant  of  variation  sample  size  (mean  of  segments 
wtiere  individual  occurred  over  3  years),  and  power  of  Mast  (two-taUed)  based  on  the  difference  between  post-  and 
pro-operational  antenna  bird  parameters  for  June.  Transects  with  zero  counts  during  pre  and  post  years  are  not 
included.  Logged  sites  were  also  excluded.  For  example,  the  power  of  detecting  a  differertoe  in  post-  and  pre- 
operational  numbers  of  one  Hermit  Thrush  individual  between  control  and  traatment  study  areas  is  0.86  (if  such  a 
difference  exists). 


Parameter 

N 

Mean 

CV 

0.5 

1 

Change  in  number  of 
indhriduats  (post-pre) 

2  3  4 

5 

Total  individuals 

70.00 

23.75 

34.57 

0.05 

0.08 

0.21 

0.41 

0.63 

0.82 

Total  no.  species 

70.00 

11.77 

30.79 

0.10 

0.26 

0.80 

0.98 

1.00 

1.00 

Permanent  resident 

67.67 

2.06 

90.36 

0.15 

0.46 

0.96 

1.00 

1.00 

1.00 

Short  distance  migrant 

69.67 

6.14 

80.21 

0.09 

0.25 

0.80 

0.97 

1.00 

1.00 

Long  distance  migrant 

70.00 

15.16 

43.77 

0.05 

0.11 

0.30 

0.58 

0.82 

0.95 

Ground  nests 

70.00 

9.97 

45.74 

0.07 

0.18 

0.54 

0.87 

0.99 

1.00 

Canopy  nests 

70.00 

6.89 

57.07 

0.09 

0.23 

0.69 

0.96 

1.00 

1.00 

Subcarx>py  nests 

68.33 

4.44 

103.88 

0.08 

0.20 

0.61 

0.92 

0.99 

1.00 

Ground  ins.  &  seeds 

57.67 

2.32 

109.48 

0.17 

0.53 

0.98 

1.00 

1.00 

1.00 

Foliage  insects 

70.00 

11.05 

42.87 

0.07 

0.15 

0.44 

0.80 

0.95 

0.99 

Ground  invertebrates 

70.00 

5.37 

58.33 

0.12 

0.33 

0.87 

1.00 

1.00 

1.00 

0ecidi«ous  habitat 

70.00 

9.61 

66.27 

0.07 

0.15 

0.46 

0.80 

0.96 

1.00 

Coniferous  habitat 

57.33 

2.67 

94.19 

0.16 

0.50 

0.97 

1.00 

1.00 

1.00 

Mixed  habitat 

70.00 

5.81 

57.06 

0.11 

0.32 

0.85 

0.99 

1.00 

1.00 

Yellow-bellied  Flycatcher 

27.33 

0.85 

103.20 

0.26 

0.80 

1.00 

1.00 

1.00 

1.00 

Least  Rycatcher 

21.67 

2.76 

142.53 

0.06 

0.12 

0.34 

0.64 

0.87 

0.97 

White-throated  Sparrow 

43.33 

1.61 

112.84 

0.18 

0.54 

0.98 

1.00 

1.00 

1.00 

Rose-breasted  Grosbeak 

48.67 

1.18 

104.76 

0.23 

0.69 

1.00 

1.00 

1.00 

1.00 

Red-eyed  Vireo 

6^00 

1.94 

105.82 

0.20 

0.61 

1.00 

1.00 

1.00 

1.00 

Black-and-white  Warbler 

42.67 

0.78 

119.04 

0.27 

0.80 

1.00 

1.00 

1.00 

1.00 

Nashville  Warbler 

57.67 

2.68 

81.36 

0.14 

0.43 

0.95 

1.00 

1.00 

1.00 

Chestnut-sided  Warbler 

44.67 

1.54 

118.35 

0.11 

0.30 

0.82 

1.00 

1.00 

1.00 

Black-throated  Green  Warbler 

50.00 

1.74 

98.86 

0.19 

0.57 

1.00 

1.00 

1.00 

1.00 

Ovenbird 

70.00 

3.36 

72.17 

0.21 

0.62 

1.00 

1.00 

1.00 

1.00 

Mourning  Warbler 

43.67 

0.43 

177.17 

0.17 

0.51 

0.98 

1.00 

1.00 

1.00 

Black-capped  Chickadee 

35.33 

1.12 

111.22 

0.17 

0.53 

0.98 

1.00 

1.00 

1.00 

Golden-crowned  Kinglet 

36.67 

1.49 

101.27 

0.21 

0.63 

1.00 

1.00 

1.00 

1.00 

Hermit  Thrush 

53.67 

1.14 

94.64 

0.33 

0.86 

1.00 

1.00 

1.00 

1.00 

American  Robin 

47.67 

0.53 

165.89 

0.44 

0.95 

1.00 

1.00 

1.00 

1.00 
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Tabl*  3.  Mean  (oontrol  and  treatment  1988,  1969,  1990).  ooeffident  of  vaiiaibn,  aample  size  (mean  at  segments 
where  individual  occurred  over  3  years),  and  power  of  t-test  based  on  the  difference  between  post-  and  pre- 
operationai  antenna  bird  parameters  for  July.  Transects  with  zero  counts  during  pre  and  post  years  are  not 
included.  Logged  sites  were  also  excluded.  For  example,  the  power  of  detecting  a  differenoa  in  post-  arvl  pre- 
operational  numbers  of  two  Black-capped  Chickadee  mdividuats  between  oomrol  and  treaSmerS  study  areas  is  0.88 
(if  such  a  differarKe  exists). 


Change  in  number  of 
individuals  (post-pre) 


Parameter 

N 

Mean 

CV 

0.5 

1 

2 

3 

4 

5 

Total  individuals 

70.00 

21.93 

39.83 

0.04 

0.07 

0.15 

0.28 

0.44 

0.62 

Total  no.  species 

70.00 

10.23 

33.32 

0.10 

0.29 

0,80 

0.99 

1.00 

1.00 

Permanent  resident 

69.00 

3.03 

106.72 

0.08 

0.21 

0.63 

0.93 

1.00 

1.00 

Short  distance  migrant 

69.67 

7.55 

66.73 

0.06 

0.12 

0.35 

0.66 

0.89 

0.98 

Long  distarwe  migrant 

70.00 

10.80 

57.48 

0.06 

0.14 

0.41 

0.80 

0.94 

1.00 

Ground  nests 

70.00 

8.94 

58.63 

0.09 

0.13 

0.40 

0.72 

0.93 

1.00 

Canopy  nests 

70.00 

6.24 

65.15 

0.05 

0.15 

0.45 

0.80 

0.96 

1.00 

Subcanopy  nests 

65.00 

3.41 

109.30 

0.12 

0.35 

0.89 

0.95 

1.00 

1.00 

Ground  ins.  &  seeds 

55.00 

Z50 

98.26 

0.09 

0.22 

0.66 

0.94 

1.00 

1.00 

Foliage  insects 

70.00 

9.25 

57.44 

0.05 

0.11 

0.29 

0.57 

0.81 

0.94 

Ground  invertebrates 

70.00 

5.41 

63.52 

0.09 

0.23 

0.68 

0.95 

1.00 

1.00 

Deciduous  habitat 

70.00 

8.37 

72.00 

0.06 

0.13 

038 

0.70 

0.91 

0.99 

Coniferous  habitat 

59.67 

2.63 

123.58 

0.09 

0.25 

0.73 

0.97 

1.00 

1.00 

Mixed  habitat 

70.00 

5.34 

71.25 

0.09 

0.24 

0.70 

0.96 

1.00 

1.00 

Least  Rycatcher 

22.33 

1.66 

184.60 

0.08 

0.21 

0.64 

0.94 

1.00 

1.00 

White-throated  Sparrow 

45.67 

1.58 

117.48 

0.12 

0.36 

0.89 

1.00 

1.00 

1.00 

Red-eyed  Vireo 

61.67 

1.88 

113.27 

0.16 

0.49 

0.97 

1.00 

1.00 

1.00 

Nashville  Warbler 

54.33 

Z04 

140.42 

0.10 

0.27 

0.80 

0.98 

1.00 

1.00 

Chestnut-sided  Warbler 

34.00 

1.26 

116.15 

0.19 

0.58 

0.99 

1.00 

1.00 

1.00 

Black-throated  Green  Warbler 

42.67 

1.55 

102.81 

0.18 

0.54 

0.99 

1.00 

1.00 

1.00 

Ovenbird 

66.67 

Z52 

80.89 

0.19 

0.59 

0.99 

1.00 

1.00 

1.00 

Black-capped  Chickadee 

60.00 

1.25 

149.62 

0.12 

0.35 

0.88 

1.00 

1.00 

1.00 

Golden-crowned  Kinglet 

37.00 

1.73 

141.77 

0.09 

0.23 

0.70 

0.96 

1.00 

1.00 

Hermit  Thrush 

67.33 

1.78 

94.27 

0.19 

0.59 

0.99 

1.00 

1.00 

1.00 
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Tabto  4.  M«an  (control  and  traatmant  1988. 1989,  1990^  ooaHidanl  of  variation,  sampla  siza  (maan  of  sagmants 
wfiara  individual  oocurrad  ovar  3  yaars),  and  powrar  of  t-tast  (two-tated)  based  on  the  (Mfarartoe  batwaan  post-  and 
pra-oparational  antenna  bird  parametars  tor  /bjgusL  Transacts  with  zero  counts  during  pra  and  post  yaars  are  not 
included.  Logged  sites  were  also  exdudad.  For  axampla,  the  power  of  detecting  a  diffaranoa  in  post-  and  pra- 
oparational  numbers  of  one  Hermit  Thrush  individual  b^een  control  ar«d  treatment  study  areas  is  0.85  (if  such  a 
difference  occurred). 


Change  in  number  of 
individuals  (post-pre) 


Parameter 

N 

Mean 

CV 

0.5 

1 

2 

3 

4 

5 

Total  individuals 

70.00 

12.12 

71.83 

0.05 

0.09 

0.25 

0.48 

0.73 

0.89 

Total  no.  species 

70.00 

5.58 

55.01 

0.12 

0.35 

0.88 

1.00 

1.00 

1.00 

Permanent  resident 

69.67 

4.46 

102.71 

0.09 

0.25 

0.73 

0.97 

1.00 

1.00 

Short  distance  migrant 

69.00 

4.20 

110.84 

0.07 

0.16 

0.47 

0.81 

0.97 

1.00 

Long  distance  migrant 

65.00 

2.52 

99.24 

0.15 

0.45 

0.95 

1.00 

1.00 

1.00 

Grourxf  nests 

63.67 

2.42 

107.68 

0.12 

0.35 

0.88 

1.00 

1.00 

1.00 

Canopy  nests 

67.67 

4.14 

90.75 

0.09 

0.25 

0.73 

0.97 

1.00 

1.00 

Subcanopy  nests 

44.00 

1.16 

156.89 

0.20 

0.61 

1.00 

1.00 

1.00 

1.00 

Ground  ins.  &  seeds 

40.67 

1.26 

186.13 

0.11 

0.33 

0.86 

1.00 

1.00 

1.00 

Foliage  insects 

69.00 

4.82 

93.07 

0.08 

0.21 

0.63 

0.93 

1.00 

1.00 

Grourrd  invertebrates 

63.33 

1.68 

98.67 

0.19 

0.59 

1.00 

1.00 

1.00 

1.00 

Deciduous  habitat 

70.00 

4.47 

97.01 

0.08 

0.21 

0.63 

0.93 

1.00 

1.00 

Coniferous  habitat 

56.67 

2.77 

127.31 

0.10 

0.26 

0.80 

0.98 

1.00 

1.00 

Mixed  habitat 

63.33 

1.98 

97.11 

0.21 

0.59 

1.00 

1.00 

1.00 

1.00 

Red-eyed  Vireo 

38.67 

1-13 

120.49 

0.26 

0.80 

1.00 

1.00 

1.00 

1.00 

Red-breasted  Nuthatch 

45.00 

1.33 

131.40 

0.20 

0.62 

1.00 

1.00 

1.00 

1.00 

Black-capped  Chickadee 

63.00 

2.18 

115.10 

0.14 

0.41 

0.93 

1.00 

1.00 

1.00 

Golden-crowned  Kinglet 

40.67 

1.79 

148.17 

0.09 

0.23 

0.68 

0.96 

1.00 

1.00 

Hermit  Thrush 

39.67 

1.14 

92.56 

0.32 

0.85 

1.00 

1.00 

1.00 

1.00 
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Tabi*  5.  Mean  (control  and  treatment  1988.  1989.  1990),  ooeNicienl  ol  variation,  sample  size  (mean  of  sagmertts 
where  individual  occurred  over  3  years),  arxl  power  of  t-taal  (two-talad)  based  on  the  dMferenca  between  post-  and 
pre-operational  antenna  bird  parameters  for  September.  Trartsacts  with  zero  counts  during  pre  and  post  years  are 
not  included.  Logged  sites  were  also  excluded.  For  exampie.  the  power  of  detecting  a  difference  in  post-  and  pre- 
operational  numbers  of  one  Rad-breasted  Nuthatch  irviividu^  bMween  control  and  treatment  study  areas  is  0.88  (if 
such  a  difference  occurred). 


Chaise  in  number  of 
individuals  (post-pra) 


Parameter 

N 

Mean 

CV 

0.5 

1 

2 

3 

4 

5 

Total  individuals 

70.00 

11.61 

69.89 

0.04 

0.06 

0.14 

0.25 

0.40 

0.57 

Total  no.  species 

70.00 

5.02 

54.96 

0.10 

0.29 

0.80 

1.00 

1.00 

1.00 

Permanent  resident 

69.33 

5.30 

89.80 

0.07 

0.15 

0.46 

0.80 

0.96 

1.00 

Short  distance  migrant 

68.67 

3.01 

106.44 

0.07 

0.15 

0.46 

0.80 

0.96 

1.00 

Long  distance  migrant 

61.67 

2.12 

126.83 

0.08 

0.20 

0.62 

0.92 

1.00 

1.00 

Ground  nests 

65.67 

1.71 

11^02 

0.13 

0.39 

0.92 

1.00 

1.00 

1.00 

Canopy  nests 

69.67 

3.69 

110.78 

0.07 

0.15 

0.45 

0.80 

0.95 

1.00 

Subcaix>py  nests 

32.33 

0.80 

169.52 

0.20 

0.61 

1.00 

1.00 

1.00 

1.00 

Ground  ins.  &  seeds 

26.67 

0.83 

170.^ 

0.11 

0.32 

0.84 

1.00 

1.00 

1.00 

Foliage  insects 

67.67 

4.90 

96.03 

0.06 

0.09 

0.23 

0.45 

0.68 

0.86 

Ground  invertebrates 

65.00 

1.33 

115.45 

0.22 

0.66 

1.00 

1.00 

1.00 

1.00 

Deciduous  habitat 

70.00 

5.07 

83.23 

0.06 

0.13 

0.37 

0.69 

0.90 

0.99 

Coniferous  habitat 

60.67 

Z64 

133.45 

0.08 

0.20 

0.61 

0.92 

1.00 

1.00 

Mixed  habitat 

57.67 

1.31 

132.83 

0.22 

0.61 

1.00 

1.00 

1.00 

1.00 

Blue  Jay 

57.00 

1.08 

126.44 

0.22 

0.67 

1.00 

1.00 

1.00 

1.00 

White-throated  Sparrow 

25.33 

0.64 

184.52 

0.11 

0.31 

0.84 

1.00 

1.00 

1.00 

Red-eyed  Virao 

19.67 

1.16 

150.27 

0.13 

0.39 

0.92 

1.00 

1.00 

1.00 

Red-breasted  Nuthatch 

51.67 

1.34 

123.58 

0.34 

0.88 

1.00 

1.00 

1.00 

1.00 

Black-capped  Chickadee 

60.00 

2.71 

101.30 

0.07 

0.16 

0.50 

0.84 

0.97 

1.00 

Golden-crowned  Kinglet 

44.67 

1.54 

170.38 

0.07 

0.17 

0.52 

0.86 

0.98 

1.00 
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The  coeffident  of  variation  better  reflects  the  sensitivity  of  our  tests  in  detecting  a 
percentage  difference  between  controi  and  treatment  mean  differences.  Coefficients  of 
variation  were  lowest  for  community  parameters  (number  of  individuals  and  species)  and 
highest  for  individual  species  (Tables  1  to  5).  Overall,  coefficients  of  variation  for  most 
parameters  v«ere  lowest  in  May.  June,  and  July  and  higher  djring  the  fall  migration  period 
(August  and  September). 

Power  of  statistical  tests  presented  here  differ  from  previous  reports  primarily 
because  we  are  using  a  different  statistical  model  to  test  for  EM  exposure  effects.  The 
power  of  the  before-and-after  test  is  generally  lower  than  the  power  calculated  with  a 
standard  t-test  or  two-way  ANOVA  with  means.  For  example,  with  previous  calculations 
we  determined  that  we  could  detect  a  difference  of  one  species  between  control  and 
treatment  areas  (if  such  a  difference  occurred).  With  the  before-and-after  model,  we  can 
detect  a  change  of  two  species  between  control  and  treatment  study  areas.  For  example, 
if  A  T  (post-pre  species)  was  3.1  and  A  C  was  1.1  we  would  have  a  >  84%  chance  of 
detecting  this  change  in  each  season  (Tables  1  to  5).  Fewer  differences  between  control 
and  treatment  study  areas  were  observed  when  we  used  the  before-and-after  statistical 
model.  However,  many  of  the  differences  detected  with  the  standard  t-test  or  two-way 
ANOVA  were  present  before  the  antenna  was  operational  (probably  due  to  inherent 
differences  in  habitat  between  control  and  treatment  areas).  We  prefer  the  before-and- 
after  test  because  it  compares  each  study  area  to  itself;  controlling  for  habitat  differences. 
In  addition,  this  model  directly  tests  our  null  hypothesis  (see  page  2). 
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Rndinos  to  date 

We  have  not  found  any  convincing  evidence  that  ELF  electromagnetic  fields 
produced  by  the  antenna  in  Michigan  has  affected  breeding  or  migrating  birds.  Summary 
of  major  findings  to  date  indicated  that  about  13%  (4  of  30)  of  the  community  parameters 
tested  showed  a  significant  difference  between  control  and  treatment  in  before-and-after 
tests  (Table  6).  Half  (2  cf  4)  of  the  significant  tests  showed  that  numbers  of  species  or 
individuais  in  treatment  areas  decreased  less  overall  in  post  versus  pre-operational  years 
compared  to  control  study  areas  over  the  same  time  period.  Summary  of  significant 
findings  for  all  guild  analyses  indicated  that  8.5%  of  all  tests  (23  of  270)  were  significantly 
different  between  control  and  treatment  study  areas.  However,  78%  (18  of  23)  indicated 
that  control  study  areas  showed  a  greater  decrease  in  bird  numbers  between  pre  and 
post  operational  years  than  the  treatment  study  areas.  Only  about  7%  of  individual 
species  tests  (10  of  150)  were  significantly  different  with  the  before-and-after  test.  Of 
these,  60%  (6  of  10)  indicated  that  the  individual  species  decreased  less  in  treatment 
compared  to  control  areas  during  post  operational  years.  Overall,  few  parameters 
showed  consistent  differences  among  months  or  years  (Table  6). 
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Tabie  6.  SufTvnafy  of  major  findings  by  parametar  for  pus-  and  post-operational  comparisons  of  change 
in  control  (AC)  and  change  in  treatment  (AT)  study  areas. 


Parameter 

Result' 

Month 

Year 

Total  kKfividuals 

AT  <  AC 

May 

1989 

AT  >  AC 

Au^st 

1989 

Total  species 

AT<  AC 

May 

1989 

AT>  AC 

Au^st 

1989 

Ground  nesters 

AT>  AC 

June 

1989 

Subcanopy  nesters 

AT<  AC 

May 

1988,  1989 

AT<  AC 

June 

1988,  1990 

Cavity  nesters 

AT<  AC 

July 

1989.  1990 

AT<  AC 

Au^st 

1990 

Permanent  residents 

AT<  AC 

July 

1990 

Short-distance  migrants 

AT<  AC 

August 

1989 

Long-distartce  migrants 

AT<  AC 

May 

1989,  1990 

Coniferous  habitat 

AT<  AC 

August 

1989 

AT>  AC 

September 

1988 

Mixed  upland  habitat 

AT>  AC 

June 

1989 

Lowland  conifer  habitat 

AT<  AC 

May 

1989 

Ground  insects  &  seeds 

AT<  AC 

June 

1988 

Ground  invertebrates 

AT<  AC 

May 

1989.  1990 

Flycatchers 

AT>  AC 

July 

1989 

Bark  insects 

AT>  AC 

July 

1988 

AT<AC 

July 

1990 

AT<  AC 

Au^st 

1990 

Nashville  Warbler 

AT>^ 

May 

1988.  1989 

Ovenbird 

AT<  AC 

May 

1990 

Hermit  Thrush 

AT<  AC 

May 

1990 

Least  Flycatcher 

AT<  AC 

June 

1989.  1990 

Mourning  Warbler 

AT>^ 

June 

1989.  1990 

Red-eyed  Vireo 

AT<  AC 

July 

1988 

Blue  Jay 

AT<  AC 

September 

1989 

1 


AT  <  AC  -  change  in  treatment  less  than  change  in  control 
AT  >  AC  >  change  in  treatment  greater  than  change  in  control 
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Appendix  3.  Total  number  of  individuals  and  species  observed  on  control (C)  and 
treatment (T)  transects  in  Michigan  during  five  census  periods  in  1991.  English  and 
scientific  names  follow  AOU  (1983). 
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App«ndlx  3.  Total  number  of  individuals  and  species  observed  on  control (C)  and 
treatment(T)  transects  in  Michigan  during  five  census  periods  in  1991.  English  and 
scientific  names  follow  AOU  (1983). 

May  June  July  August  SepEraE^ 


Pied-billed  Grebe 
Podilvmbus  podiceos 

American  Bittern 

Botaurus  lentioinosus 

Canada  Goose 

Branta  canadensis 

Wood  Duck 
Aix  sponsa 

Mallard 

Anas  platvrhvnchos 

Blue-winged  Teal 
Mas  discors 

Sharp-shinned  Hawk 
Accipiter  striatus 

Northern  Goshawk 
Accipiter  aentilis 

Broad-winged  Hawk 
Buteo  platvpterus 

Red-t<iiled  Hawk 
Buteo  iamaicensis 

American  Kestrel 
Falco  sparverius 

Merlin 

Falco  columbarius 


TC  TC  TC  TC  TC 

T5  5  6  5  5  i  3  5  5  3“ 

11  00  00  00  01 


0  2 


0  0  0  0 


0  0 


0  0 


0  0  0  3 


0  0  0  3 


0  0 


1 

0 

0 

0 

0 


4 

2 

1 

0 


0  0 

0  0 

0  1 

1  0 

2  0 

0  0 


0 

0 

0 

0 

0 

0 


0 

0 

1 

0 

2 

0 


0 

0 

0 

0 


0 

0 

2 

0 

0 

1 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


12  2  2 


5  1  6  0 


1  0 


0  0  0  0 


0  0 


0  1 


0  0 


Ruffed  Grouse 
Bonasa  umbel lus 

Virignia  Rail 
Rallus  limicola 

Sandhill  Crane 
Grus  canadensis 

Xilldeer 

Charadrius  vociferus 

Greater  Yellowlegs 
Trinoa  melanoleuca 

Spotted  Sandpiper 
Actitis  macularia 


17  10  3  0 

0  1  0  0 

0  1  0  2 

0  0  0  1 


0  1  0  0 


0  0 


0 


3  15 

0  0 

0  0 

0  0 

0  0 

0  1 


1  5 

0  0 

0  0 

0  0 

0  0 

0  1 


10  7 

0  0 

0  0 

0  0 

0  0 

0  0 


0 


Appandix  3  (contlnuad) 


May  Juna 

T  C  f  C  f 


Comnon  Snipa  1 

Gallinaao  aalllnaao 

Amarican  Woodcock  1  0 

Scolooax  minor 

Mourning  Oova  1  0 

Zanaida  macroura 

Black-blllad  Cuckoo  0  0 

Coccvaua  arvthropthalmua 

Yallow-billad  Cuckoo  0  0 

Coccvrug  amaricanue 

Ruby- throat ad  Humningbird  0  0 

Archilochus  colubris 

Belted  Kingfisher  0  0 

Cervle  alcvon 

Yellow-bellifKl  Sapsucker  19  42 

Sphvrapicus  varius 

Oo«my  Woodpecker  3  7 

Picoides  pubescens 

Hairy  Woodpecker  2  5 

Picoides  villosus 

Black-backed  Woodpecker  1  0 

Picoides  arcticus 

Northern  Flicker  17  14 

Colaptes  auratus 

Pileated  Woodpecker  0  2 

Pr/gcppu?  pileatus 

olive-sided  Flycatcher  0  1 

Contopus  borealis 

Eastern  Wood-Pewee  0  1 

Contopus  Virens 

Yellow-bellied  Flycatcher  0  0 

Bmpidonax  flaviventris 

Alder  Flycatcher  0  0 

Bropidonax  alnorum 

Least  Flycatcher  2  37 

Empidonax  minimus 

Eastern  Phoebe  1  1 

Savornis  ohoalzs 


“5 - ar 

1  3 

0  0 

2  0 

0  0 

1  3 

0  0 

4  17 

1  1 

7  3 

0  0 

6  2 

1  1 

0  1 

6  12 

21  9 

12  5 

12  41 

0  1 


IT 

2 

0 

0 

0 

0 

0 

10 

0 

3 

1 

11 

0 

0 

10 

4 

4 

6 

0 
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Appandix  3  (continued) 

May 

June 

July 

August 

September 

1 

'  C 

m 

C 

■1 

r  C 

c 

■1 

C 

Great  Crested  Flycatcher 
Mviarchus  crinitus 

i 

14 

V 

9 

3 

Eastern  Kingbird 

Tvrannug  tyrannyff 

0 

0 

3 

0 

1 

3 

1 

3 

0 

0 

Tree  Swallow 

Tachvcineta  bicolor 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

Gray  Jay 

Perisoreus  gflna<jlfingiig 

2 

0 

0 

6 

2 

0 

0 

2 

6 

9 

Blue  Jay 

Cvanocitta  cristata 

24 

18 

15 

15 

19 

15 

35 

14 

35 

26 

American  Crow 

corvus  brachvrhvnchos 

1 

0 

0 

0 

2 

0 

0 

1 

0 

0 

Common  Raven 

Corvus  gggftK 

1 

4 

0 

1 

2 

2 

2 

0 

2 

0 

Black-capped  Chickadee 
Parue  atricaoillus 

50 

39 

21 

20 

42 

86 

73 

83 

66 

70 

Boreal  Chickadee 
£fl£U£  t)M<^g<?ni<rUg 

6 

4 

3 

0 

1 

1 

2 

0 

2 

0 

Red-breasted  Nuthatch 

Sitta  canadensis 

3 

5 

3 

2 

10 

12 

11 

18 

82 

50 

White-breasted  Nuthatch 
Sitta  carol inens is 

2 

3 

1 

1 

3 

7 

2 

16 

0 

0 

Brown  Creeper 

Certhia  amg,gAc.an§ 

9 

27 

8 

15 

1 

6 

3 

15 

13 

10 

House  Wren 

Troglodytes  aedon 

1 

0 

0 

0 

1 

4 

1 

0 

0 

0 

Winter  Wren 

Troglodytes  troglodytes 

17 

37 

15 

24 

16 

38 

4 

10 

0 

6 

Sedge  Wren 

Cistothorus  olatensis 

0 

2 

1 

8 

1 

5 

0 

7 

0 

1 

Golden-crowned  Kinglet 
ffeqvtMS  ?4tga)P4 

46 

36 

48 

31 

49 

40 

7 

12 

15 

11 

Ruby-crowned  Kinglet 
Reoulus  calendula 

19 

9 

4 

2 

1 

0 

0 

0 

1 

0 

Eastern  Bluebird 

Sialia  AiAliS 

0 

0 

3 

2 

0 

0 

0 

0 

3 

0 

Veery 

ggthgjwg  fMggggcgng 

2 

0 

9 

12 

12 

19 

1 

0 

0 

2 
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Appendix  3  (continued) 

May 

June 

July 

August 

T  C 

T 

C 

T 

C 

■1 

c 

Swalneon's  Thrush 

Catharus  ustulatus 

S 

0 

6 

0 

0 

0 

—3 

Hamit  thrush 

18 

27 

35 

39 

76 

64 

31 

46 

8 

14 

Hood  Thrush 

aYlgffiChlft  OTtttlinA 

0 

6 

0 

1 

0 

8 

0 

0 

0 

1 

Anarican  Robin 

Xsudiui  Biqgfttggiug 

29 

21 

24 

15 

19 

23 

16 

12 

7 

8 

Bro«m  Thrashar 

Toxostoma  rufum 

8 

0 

7 

0 

2 

1 

0 

0 

0 

0 

Cadar  Haxwing 

Bombvcilla  cadrorum 

0 

0 

19 

14 

15 

10 

81 

28 

16 

28 

Solitary  Virao 

Vigfg  solitarius 

5 

9 

5 

6 

3 

9 

0 

1 

4 

2 

Yallow-throatad  Virao 

Xiesa  flavifrons 

0 

0 

2 

3 

0 

0 

0 

0 

0 

0 

Rad-ayad  Virao 

VifQ  olivacaus 

1 

0 

68 

66 

83 

93 

37 

39 

23 

34 

Goldan-winged  Harblar 
Varmivora  chrvsoptera 

2 

2 

6 

2 

0 

0 

0 

0 

0 

0 

Tennessaa  Harblar 

Vamivora  pereorina 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Nashvilla  Harblar 

Vamivora  ruficaoilla 

44 

47 

114 

64 

95 

64 

2 

1 

4 

4 

Northern  Parula 

P,agvl4  Afflggjgana 

1 

11 

1 

9 

2 

5 

0 

2 

3 

1 

Tallow  Harblar 

Dandroica  patachia 

0 

0 

0 

5 

0 

0 

0 

0 

1 

0 

Chestnut-sided  Harblar 
Dandroica  pensvlvanica 

4 

4 

52 

17 

25 

12 

2 

0 

0 

0 

Magnolia  Harblar 

Dandroica  magnolia 

0 

0 

2 

0 

6 

1 

0 

0 

0 

0 

Yellow-rumped  Harblar 
Dandroica  coronata 

47 

40 

19 

19 

9 

14 

6 

1 

10 

0 

Black-throated  Green  Harb. 
Dandroica  virans 

14 

57 

37 

50 

44 

58 

1 

5 

0 

0 

Blackburnian  Harblar 
Dandroica 

0 

8 

4 

5 

0 

7 

0 

0 

0 

0 

75- 


Appandix  3  (continuad) 

May 

Juna 

July 

August 

Saptambar 

1 

?  C 

T 

C 

7 

r  c 

C 

C 

Pina  Harblar 

Pandroica  siosu 

1 

0 

0 

0 

1 

1 

6 

0 

Palm  Warblar 

Pandroica  oalmarum 

2 

2 

1 

0 

2 

2 

0 

0 

0 

0 

Black-and-whita  Warbler 
Mniotilta  varia 

8 

16 

13 

19 

6 

10 

5 

0 

0 

4 

American  Redstart 
?t^<?Ph4qa  ruticilla 

0 

0 

0 

0 

0 

0 

1 

0 

0 

3 

Ovanbird 

Saiurue  aurocaoillus 

37 

60 

107 

127 

93 

131 

11 

11 

12 

10 

Northern  Waterthrush 
Saiurus  novaboracansis 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

Mourning  Warblar 

Oporornis 

0 

0 

21 

17 

2 

16 

5 

0 

0 

0 

Common  Yallovrthroat 
qaothvlpis  trichas 

0 

0 

15 

24 

17 

25 

3 

16 

9 

2 

Canada  Warbler 

0 

0 

1 

5 

0 

1 

0 

0 

0 

0 

Scarlet  Tanager 

P4gftnqg  plivqqqq 

1 

6 

5 

9 

10 

15 

0 

2 

1 

1 

Rose-breasted  Grosbeak 
Pheucticus  ludgy^gjanq? 

10 

17 

12 

22 

3 

32 

2 

1 

2 

0 

Indigo  Bunting 

Paaserina  cvanea 

0 

0 

12 

13 

20 

30 

3 

2 

0 

0 

Rufous-sided  Towhee 

eiP.Ug  ervthrophthalmus 

4 

5 

6 

3 

6 

2 

1 

1 

2 

0 

Chipping  Sparrow 

passer ina 

S 

18 

6 

6 

3 

11 

0 

7 

0 

10 

Vesper  Sparrow 

Pooecetes  oramineus 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

Song  Sparrow 

Melospiza  melodia 

0 

9 

13 

12 

4 

13 

0 

1 

2 

0 

Lincoln's  Sparrow 

Melospiza  lincolnii 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

Swamp  Sparrow 

Mqlpgpga  qgpgqtanna 

9 

10 

6 

23 

8 

10 

3 

3 

0 

0 

White-throated  Sparrow 
Zonotrichia  albicollis 

54 

23 

39 

20 

46 

23 

13 

14 

19 

15 
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Appsndlx  3  (continuad) 


May 

June 

July 

Auguat 

Septaad>er 

T 

‘  C 

■1 

C 

!  C 

By 

C 

T 

C 

Oark-«y«d  Junco 

Junco  hYWWUf 

2 

0 

ir 

0 

r 

0 

0 

0 

0 

R«d-wing«d  blackbird 
Aoalaiua  ph<?gniCtm 

0 

10 

0 

5 

3 

2 

0 

0 

0 

0 

Brawar's  Blackbird 

Buphaoua  cvanocaphalus 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

Comnon  Grackla 

Quiacalua  oruiacula 

4 

5 

0 

3 

23 

5 

0 

1 

0 

0 

Brovm-haadad  Cowbird 
Molothrua 

1 

4 

2 

5 

0 

4 

0 

0 

0 

0 

Northarn  Oriola 

Ictarua  oalbula 

0 

1 

2 

2 

0 

0 

0 

0 

0 

0 

Purpla  Finch 

Carpodacua  purpuraua 

2 

10 

2 

1 

2 

3 

0 

0 

2 

0 

Pina  Siakin 

Cardualia  pinua 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

Amarican  Goldfinch 

0 

2 

4 

3 

1 

0 

9 

5 

4 

9 

Evening  Groabaak  0 

Coccothrauataa  vaapartinua 

2 

0 

0 

1 

0 

0 

1 

1 

0 

Unidentified  paaaarina 
Unidentified  paaaarina 

8 

10 

5 

10 

27 

18 

123 

103 

176 

96 

Unidentified  aparrow 
Unidentified  aparrow 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Unidentified  thruah 
Unidentified  thruah 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

Unidentified  woodpecker 
Unidentified  woodpecker 

1 

2 

2 

0 

4 

3 

3 

8 

4 

9 

Unidentified  warbler 
Unidentified  warbler 

0 

0 

0 

0 

0 

0 

0 

0 

6 

9 

Total  individuala 

57d 

“TtI 

TIC? 

558 

556 

510 

Total  apeciea 

55 

60 

63 

66 

59 

65 

47 

50 

37 

38 
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IV.  GLOSSARY  AND  ACRONYMS 


AFDW-biomass  -  ash-free  dry  weight  of  organic  matter  that 
accumulates  on  rock  or  other  substrate  surfaces  on  the  stream 
bottom.  This  organic  matter  is  produced  by  algae,  bacteria, 
and  fungi  and/or  by  the  flocculation  and  settling  of 
suspended  organic  matter  from  the  water  column. 

Alkalinity  -  a  chemical  measure  of  the  amount  of  anions  in 
the  water  determined  by  titration  with  dilute  acid;  a  rough 
measure  of  the  acid  neutralizing  capacity  of  the  water 
derived  primarily  from  the  carbonate  and  bicarbonate  ions  in 
it . 

ANCOVA  -  analysis  of  covariance;  a  statistical  analysis  in 
which  treatment  means  are  compared  by  standardizing  for 
differences  in  a  common  covariant  (  a  parameter  that  varies 
with  parameter  in  question) . 

ANOVA  -  analysis  of  variance;  a  statistical  procedure  for 
comparing  whether  treatment  means  are  esentially  the  same  or 
not;  it  is  essentially  an  arithmetic  process  for  partitioning 
a  total  sum  of  squares  into  components  associated  with 
recognized  sources  of  variation. 

BACI  -  Before  and  After,  Control  and  Impact  analysis- 
statistical  analysis  which  compares  differences  between 
control  and  impact  sites,  both  before  and  after  antenna 
operation  by  comparing  differences  in  the  variance  for  each 
site  before  and  after  the  operation  of  the  antenna  (see 
Stewart -Oaten  et  al  1986  for  details  -  reference  section  of 
element  2) . 

Backcalculated  length  -  length  of  fish  at  previous  age 
estimated  from  body-scale  relationship  between  distance 
between  annuli  on  scales  or  otoliths  and  fish  length  at 
capture . 

Benthos  (Benthic)  -  organisms  that  live  on  or  in  the  river 
bottom  in  or  on  substrates  such  as  sand,  gravel,  and  organic 
detritus . 

Biomass  -  the  weight  of  a  fish  stock,  or  of  some  defined 
portion  of  it. 
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Body-scale  relationship  -  method  of  backcalculation  where 
length  is  determined  from  the  distance  between  annuli. 

Biovolume  -  a  crude  estimate  of  biomass  of  algal  cells  where 
volume  is  calculated  from  the  shape  and  size  of  individual 
cells  using  geometric  formulae.  Individual  cell  volumes  are 
then  multiplied  by  algal  species  counts  and  summed  to  get 
total  biovolume. 

Catch  rates  -  the  catch  of  fish,  in  numbers  or  in  weight  per 
defined  unit  of  fishing  effort. 

C.C.  -  correlation  coefficient  (r) ;  a  measure  of  the  degree 
to  which  variables  vary  together  or  a  measure  of  the 
intensity  of  association. 

C-F  -  collector- filter- feeding  aquatic  invertebrates; 
invertebrates  that  feed  by  collecting  particles  of  detritus 
or  algae  from  the  water  by  use  of  nets  or  other  collecting 
devices . 

C-G  -  collector-gatherer  aquatic  invertebrates;  invertebrates 
that  feed  by  collecting  detrital  particles  from  substrates  in 
the  river. 

Chi-square  test  -  statistical  test  for  goodness  of  fit  for 
observed  and  expected  frequencies. 

Chlorophyll  a  -  the  primary  photosynth.iCic  pigment  of  most 
plants;  in  this  study,  it  is  extracted  using  acetone  and  used 
as  a  crude  measure  of  plant  productivity  or  standing  crop. 

Conductivity  -  a  measure  of  the  ionic  strength  of  the  water. 

CPUE  -  the  catch  of  fish,  in  numbers  or  in  weight  per  defined 
unit  of  fishing  effort. 

C.V.  -  coefficient  of  variation;  a  quantity  of  use  to  the 
experimenter  in  evaluating  results  from  different  experiments 
involving  the  Seune  character  but  possibly  conducted  by 
different  persons. 

Degree  days  -  daily  accumulation  of  degrees  (O  C)  above  a 
pre-set  threshold  value  (in  our  study  the  threshold  was  2° 

C)  . 

DeLury  method  -  removal  method  of  population  estimation. 
Population  is  estimated  from  the  relation  of  fishing  success 
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to  cumulative  fishing  effort.  Assumes  fish  catchability  does 
not  change  throughout  all  sampling  passes,  and  the  population 
is  significantly  reduced  with  each  pass.  Three  removals  were 
used  in  this  study. 

Diatoms  -  a  group  of  algae  that  often  dominate  unpolluted 
rivers  (very  few  other  kinds  of  algae  are  present  in  the  Ford 
River  most  of  the  time) ;  they  are  characterized  by  having  the 
cells  encased  in  two  silaceous  covers  Icnown  as  valves. 

Discharge  (Q) -  the  amount  of  water  passing  a  particular  point 
on  a  river  over  a  given  time  period,  usually  expressed  in 
cubic  meters  per  second;  it  is  calculated  from  measurements 
of  width,  depth,  and  velocity  by  taking  at  least  20  verticals 
of  depth,  mean  velocity,  and  the  width  between  the  verticals 
across  a  stream  or  from  depth  measurements  based  on  depth 
(stage) -discharge  relationships  determined  empirically  for 
the  river  segment  being  studied. 

DO  -  Dissolved  Oxygen;  the  amoxant  of  oxygen  dissolved  in 
water. 

Electrofishing  -  method  used  in  fisheries  to  collect/capture 
fish.  Electric  current  is  applied  to  the  water  which 
temporarily  incapacitates  the  fish  so  that  they  can  be 
collected. 

Electrofishing  efficiency  -  percent  of  the  total  population 
of  fish  taken  by  electrofishing  crew. 

ELF  -  Extremely  Low  Frequency  electromagnetic  radiation;  it 
is  derived  primarily  from  local  electric  power  lines  or  from 
the  ELF  antenna  that  will  be  used  by  the  Navy  to  communicate 
with  submarines  at  sea. 

EPROM  -  Erasable  Progammable  Read  Only  Memory  chip;  the  type 
of  chip  used  to  temporarily  store  data  in  the  Omnidata  data 
pods  used  in  our  ambient  monitoring  program;  these  data  are 
transferred  by  use  of  an  EPROM  reader  into  an  Apple  computer 
and  summarized. 

FCD  -  Ford  Control  Downstream  -  site  on  Ford  River  presently 
used  as  the  control  site  (see  Fig.  VII.  1). 

FCD-N  -  Ford  Control  Dowixstream  New  -  a  periphyton  monitoring 
site  located  130  m  downstream  of  FCD. 


FCU  -  Ford  Control  Upstream 


FEN  -  Ford  Experimental  New  -  a  fyke  net  site  400m  upstream 
of  FEX  used  to  monitor  fish  movement  past  the  antenna. 

FEX  -  Ford  Experimental  -  site  on  Ford  River  presently  used 
as  the  primary  experimental  or  test  site;  it  is  located  where 
the  N-S  leg  of  the  ELF  antenna  crosses  the  Ford  River  (see 
Fig.  VIII. 1)  . 

FEX-Line  -  Ford  Experimental  Line  -  an  insect  studies  site 
located  35  m  downstream  of  FEX  (about  5  m  downstream  of  the 
point  where  the  antenna  crosses  the  river) . 

FEX-N  -  Ford  Experimental  New  -  a  periphyton  monitoring  site 
located  40  m  downstream  of  FEX  (about  10  m  downstream  of  the 
point  where  the  antenna  crosses  the  river) . 

FFG  -  Fxinctional  Feeding  Groups  -  aquatic  insects  species  are 
categorized  into  feeding  groups  according  to  their 
predominant  feeding  mode  (See  Merritt  and  Cummins,  1984  - 
reference  after  element  4) . 

FSl  -  Ford  Site  One  -  one  of  the  original  study  sites.  Not 
used  presently. 

Freidman's  test  -  non-parametric  test  comparing 
distributions;  the  null  hypothesis  being  that  the  populations 
within  a  block  are  identical  against  the  alternative  that  at 
least  one  treatment  comes  from  populations  which  have  a 
different  location  in  one  direction. 

Fyke  net  -  portable  passive  gear  used  at  FCD  and  FEX.  Nets 
are  set  in  tandem,  one  capturing  upstream  migrants  the  other 
capturing  downstream  migrants.  Nets  block  entire  width  of 
stream  and  are  used  in  areas  with  unstable  substrate. 

Grazer  -  as  used  in  this  study;  an  invertebrate  herbivore 
that  feeds  on  algae  on  rocks  and  other  substrates  on  the 
stream  bottom. 

Gross  Primary  Production  (GPP)  -  the  total  amount  of  energy 
fixed  by  green  plants  in  the  process  of  photosynthesis  in  a 
given  time  period;  it  is  equal  to  plant  respiration  plus  net 
primary  production. 

Growth  -  incremental  increase  in  mean  length  and  weight. 
Backcalculation  of  lengths  and  body-scale  relationship  were 
used  to  monitor  growth  in  this  study. 
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H'  -  taxon  diversity  (after  Shannon-Weiner) .  An  information 
theory  index  which  weights  the  number  of  taxa  and  the 
apportionment  of  numbers  of  individuals  among  the  taxa. 

Handling  (Tagging)  Mortality  -  mortality  caused  by  weighing, 
measuring,  tagging,  etc.  Calculated  from  recaptured  fish 
found  dead  in  the  gear  in  this  study.  Probably 
underestimated . 

Hardness  -  a  rough  chemical  measure  of  the  amount  of  cations 
in  the  water  determined  by  titration. 

Holobiotic  -  an  organism  that  spends  its  entire  life  in  one 
environmental  medium;  e.g.,  an  aquatic  beetle,  Qptioservus 
sp.,  whose  larval  and  adult  stages  are  aquatic. 

J'  -  taxon  evenness  (after  Shannon-Weiner) .  An  index  which 
evaluates  the  apportionment  of  numbers  of  individuals  within 
each  taxon. 

-)c/day  -  processing  coefficient.  An  exponential  decay  model 
describing  the  rate  biological  material  (in  our  case,  leaves) 
decays  per  day,  log©  (%  remaining/ 1 00 ) /  days. 

Kruslcal-Wallis  test  -  non-parametric  statistical  test 
comparing  distributions;  the  null  hypothesis  being  that  the 
populations  sampled  are  continuous  and  identical,  except 
possibly  for  location. 

Lee '  s  Phenomenon  -  commonly  seen  in  bacJccalculated  length 
estimates.  In  the  larger  fish,  bacJccalculated  lengths  at 
early  ages  are  less  than  the  true  average  size  at  that  age. 
Usually  due  to  differential  growth  or  mortality.  Reverse 
Lee's  Phenomenon  can  occnir  also,  especially  in  non-exploited 
populations  or  where  predator-prey  relationships  do  not  exist 
or  are  poorly  defined. 

Lincoln  index  -  an  estimate  of  population  size  based  on  the 
proportion  of  marJced  organisms  that  are  captured  in  a  later 
sampling  effort  (see  Southwood,  1978  -  see  references  after 
element  2) . 

Mann-Whitney  U  test  -  non-parametric  statistical  test  of  two 
samples  which  gives  rise  to  a  t-test  or  ANOVA.  Null 
hypothesis  is  that  two  samples  come  from  populations  having 
the  same  distribution. 
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Mark-recapture  studies  -  a  method  for  determining  population 
size  or  movement  of  organisms  based  on  recapture  of  marked 
individuals. 

MDW/IND  -  mean  dry  weight  (mg.)  per  individual. 

N  -  Nitrogen  when  used  as  follows  (otherwise  refers  to  the 
number  of  samples  taken) : 

ammonium-N :  ammonium-Nitrogen 
nitrate-N:  nitrate-Nitrogen 
nitr ite-N :  nitrite-Nitrogen 

inorganic-N:  inorganic-Nitrogen;  the  sum  of  the 
three  N  species  above. 

organic-N;  organic-Nitrogen;  total  Kjeldahl 
nitrogen  minus  ammonium  nitrogen. 

Naiads  -  the  immature  (nymph)  stages  of  insects  that  undergo 
incon^lete  metamorphosis;  e.g.  dragonfly  naiads. 

Net  Primary  Production  (NPP)  -  the  amount  of  energy  or  carbon 
that  is  fixed  by  the  process  of  photosynthesis  that  is  not 
used  in  self  maintenance  (respiration)  by  the  plant;  it 
supports  herbivore  or  detritivore  food  chains. 

Nxamerical  dominance  -  the  ratio  between  numbers  of 
individuals  from  one  taxon  and  the  total  numbers  of 
individuals  fo\ind  in  a  sample.  The  percentage  gives  the 
numerical  dominance  of  that  taxon. 

P  -  predators;  animals  that  ingest  other  animals. 

PAR  -  Photosynthetically  Active  solar  Radiation  =  solar 
radiation  that  most  plants  are  able  to  use  in  photosynthesis; 
similar  to  visual  range  for  humans. 

PCA  -  Principal  Components  Analysis;  a  statistical  procedure 
used  to  ordinate  data  in  relation  to  environmental  variables. 

Percent  recapture  -  the  ratio  between  numbers  of  marked 
animals  recaptured  and  the  total  number  of  animals  marked. 

Periphyton  -  algae,  bacteria  and  fungi  attached  to  the 
substrate,  rocks,  twigs  or  any  other  debris  in  the  stream. 

Our  studies  emphasize  periphytic  algae  attached  to  bottom 
svibstrates . 

Phaeophytin  a  -  the  breakdown  product  of  chlorophyll  a;  the 
ratio  of  chlorophyll  a  to  phaeophytin  a  is  sometimes  used  as 
a  very  crude  estimate  of  the  health  of  algal  populations. 
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Predators  -  animals  that  Ingest  other  animals. 

Relative  weight  (Wr)  -  weight  at  length  values  calculated 
from  fish  being  studied.  Used  in  comparative  analysis  of 
condition  against  weight  at  length  values  calculated  from 
populations  in  the  literature. 

RIA  -  fiandonmized  Intervention  Analysis;  statistical  analysis 
which  compares  mean  differences  between  sites  before  and 
after  antenna  impact;  a  non-parametric  equivalent  of  BACI  in 
which  the  test  statistic  is  compared  to  a  random  distribution 
of  the  data  set. 

S  -  shredder  invertebrates;  those  that  feed  on  large  leaf 
fragments  by  shredding  holes  in  this  leaf  material. 

S  -  taxon  richness.  The  nximber  of  taxa  in  a  sample. 

Shannon-Wiener  diversity  -  diversity  index  which  uses  number 
of  species  and  abundance  within  species  to  compute  a  values 
which  is  comparable  between  sites  and  years  (see  H'  above) . 

Shredder  -  see  S  (first  definition)  above. 

Standard  weight  (Ws)  -  mean  weight  at  length  values 
calculated  from  a  number  of  populations  from  the  literature. 
Wr  values  are  measured  against  these  values  to  comparatively 
determine  the  condition  of  fish  being  studied. 

TB  -  total  biomass;  total  weight  of  all  organisms  in  the  taxa 
being  discussed. 

TM  -  Two  Mile  Creek;  a  weir  site. 

T-test  -  statistical  test  of  the  difference  between  two  means 
to  analyze  variance. 

Turbidity  -  a  measure  of  the  light  blocking  particles 
suspended  in  the  water. 

Univoltine  -  one  generation  per  year;  used  to  describe 
aquatic  insect  life  cycles. 

VI  Tag  -  Visible  implant  tag.  A  tag  implanted  in  the  clear 
tissue  posterior  to  the  eye  of  a  fish,  so  that  the  code  on 
the  tag  is  visible. 
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Weir  -  semi-permanent  traps  used  to  capture  fish.  Made  of 
hardware  cloth  held  in  place  with  rerod.  Applied  at 
beginning  of  study  season  and  extracted  at  the  end  of  the 
season.  Weirs  have  removable  weir  boxes  which,  when  in 
place,  deter  fish  movement.  When  boxes  are  removed,  weir  is 
negotiable  by  all  fish. 

Yearling  fish  -  fish  that  are  one  +  years  old  but  are  not  yet 
sexually  mature. 

YOY  -  young  of  year;  fish  hatched  out  earlier  in  the  year. 
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V.  ABSTRACT 


The  goal  of  the  aquatic  ecosystems  project  is  to 
determine  the  effects  of  low-level,  long-term, 
electromagnetic  radiation  on  the  biota  of  streams.  This 
electromagnetic  radiation  will  be  derived  from  the  U.S. 

Navy's  extremely  low  frequency  submarine  communication  system 
(ELF)  located  in  the  upper  peninsula  of  Michigan.  The 
specific  ecosystem  being  studied  is  the  Ford  River,  a  fourth 
order  stream  that  arises  in  northern  Dickinson  and  southern 
Marquette  Counties  and  enters  the  Michigan  portion  of  Green 
Bay  south  of  Escanaba,  Michigan.  Detailed  ecological 
sampling  and  analyses  are  being  conducted  simutaneously  at 
two  primary  sites.  The  control  site  (FCD)  is  located  on  a 
fourth  order  section  of  the  Ford  River  in  northern  Dickinson 
County  just  west  of  the  community  of  Ralph,  Michigan.  It  is 
approximately  five  miles  downriver  from  the  test  site  (FEX) 
where  the  N-S  leg  of  the  antenna  system  crosses  the  river. 
These  two  sites  were  closely  matched  in  terms  of 
electromagnetic  exposure  from  local  electric  power 
distribution  lines  prior  to  construction  and  operation  of  the 
antenna.  The  ELF  exposure  rate  at  FEX  under  full  antenna 
power  represents  a  five-fold  increase  in  exposure  over  the 
exposure  at  FCD.  In  order  to  obtain  the  desired  ten-fold 
difference  in  exposure  rate,  two  new  periphyton  sites  (FEX-N 
and  FCD-N) ,  one  new  insect  study  site  (FEX. LINE),  and  one  new 
fish  movement  site  (FEN)  were  added  in  May,  1990.  Data 
collected  to  date  are  either  preoperational  data  (June,  1983 
to  April,  1986) ,  transitional  data  (May,  1986  through 
September,  1989),  or  fully  operational  (Oct.  7,  1989- 
present)  .  Exposure  to  ELF  radiation  was  restricted  to 
daylight  hours  at  4-6  amps  for  several  days  from  July  to 
October,  1986,  or  at  15  amps  for  several  days  from  April  28 
to  November  15,  1987,  or  at  75  amps  for  most  working  days 
from  November  15,  1987  to  May  1  1989.  Exposure  after  May  1, 
1989  was  at  150  amps  continously  between  4  pm  and  8  am  on 
weekdays  and  on  weekends,  and  intermittently  between  8  am 
and  4  pm  on  weekdays.  On  October  7,  1989  the  antenna 
became  fully  operational. 

The  ecological  monitoring  program  consists  of  four 
primary  components.  These  include:  (1)  an  extensive  program 
of  monitoring  chemical  and  physical  environmental  data  for 
the  two  sites;  (2)  a  program  to  determine  ELF  effects  on  the 
algal  communities  attached  to  the  rocks  on  the  river  bottom; 
(3)  a  program  to  determine  ELF  effects  on  the  aquatic 
insects;  and  (4)  a  program  to  determine  ELF  effects  on  the 
fish  community  with  emphasis  on  fish  movements  between  sites. 
The  two  primary  sites  (test  and  control,  FEX  and  FCD)  are 
very  closely  matched,  both  physically  and  chemically.  Data 
routinely  monitored  at  each  site  include  stream  discharge, 
water  and  air  temperature,  photosynthetically  active  solar 
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radiation  (PAR)  received  above  and  below  the  water  surface, 
pH,  dissolved  oxygen,  allcalinity,  hardness,  turbidity,  and 
nutrients  used  by  the  plants  such  as  nitrogen,  phosphorus, 
and  silica.  Paired  t-tests  indicate  either  that  there  are  no 
differences  between  sites  for  most  parameters  or  that  slight 
differences  exist  that  probably  have  no  effect  on  the  biota. 
Data  collected  on  the  algal  community  includes  chlorophyll  a 
standing  crop  and  accrual  rates,  organic  matter  standing  crop 
and  accrual  rate  measured  as  ash  free  dry  weight  acc\mulation 
on  microscope  slides,  diatom  density,  diatom  individual  cell 
volumes,  diatom  total  biovolume,  diatom  community  diversity 
and  evenness,  and  data  on  percent  dominance  by  the  major 
diatom  species.  Power  analyses  indicated  that  the  best 
parameters  for  detecting  ELF  effects  included  summer  season 
data  for  AFDW-biomass,  cell  volume,  species  diversity  and 
species  evenness.  Significant  differences  between  FEX  and 
FCD  for  AFDW-biomass,  chlorophyll  a  accrual,  cell  density, 
species  diversity  and  evenness  were  detected  for  before  and 
after  data  sets  using  paired  t-tests.  A  before  and  after, 
control  and  impact  statistical  procedure  (BACI)  and 
randomized  intervention  analysis  (RIA)  demonstrated  that 
there  was  a  change  in  the  inter-site  relationship  between 
sites  for  the  before  and  after  data  for  several  parameters. 
Biological  parameters  at  FCD-N  amd  FEX-N  did  not  differ 
significantly  from  FCD  and  FEX,  repectively.  Diatom  percent 
abundances  and  photosynthesis-respiration  studies  were  not 
found  to  differ  significantly  between  FEX  and  FCD  using  BACI 
analysis.  Correlations  with  weather  variables  indicate  that 
significamt  differences  may  be  related  to  differential  site 
responses  to  weather  related  variables  such  as  temperature 
and  discharge  rather  than  to  ELF  effects.  This  indicates  the 
importance  of  combining  the  statistical  analysis  of  the 
between  site  relationships  for  biotic  variables  with  a 
detailed  study  of  the  relationship  of  those  variables  with 
the  physical  environment  in  order  to  determine  the  potential 
cause  of  observed  changes  in  the  biotic  variables. 

Data  collected  for  aquatic  insect  communities  in 
sxabstrate  samples  at  FEX,  FCD,  AND  FEX. LINE  include 
structural  and  functional  community  parameters  as  well  as 
growth  rates  for  six  target  taxa.  Leaf  processing  rates  of 
fresh  and  of  autumn-abscisced  tag  alder  at  FEX  and  FCD  were 
compared,  and  colonization  patterns  of  aquatic  insects 
colonizing  those  leaves  were  analyzed  using  similar  biotic 
indices  as  for  insects  in  the  substrates.  The  insects 
associated  with  the  stream  bottom  showed  distinct  seasonal 
patterns.  Coefficient  of  variation  values  were  highest  in 
the  spring  and  fall  transition  periods.  In  the  summer 
seasons,  coefficient  of  variation  values  were  at  their  lowest 
levels.  Data  were  treated  separately,  season  by  season, 
using  2-Way  ANOVA  tests.  BACI  tests  were  performed  on  the 
nine  biotic  parameters  for  each  of  the  three  seasons  (27 
tests)  .  They  failed  the  TuJcey's  test  for  additivity  five 


times;  once  in  the  spring,  twice  in  the  summer,  and  twice  in 
the  fall  season.  For  the  22  tests  that  could  be  run,  only 
once  were  '  riere  significant  differences  before  versus  after 
ELF  actt''ation:  taxon  evenness  in  the  summer  season.  ANCOVA 
tests  •'nd  multiple  linear  regression  analyses  using  the 
physical  factors,  E.L.F.  cxamulative  ground  exposure, 
discharge,  and  water  temperature  showed  that  most  of  the 
varieLbility  associated  with  after  E.L.F.  activation  was 
attributable  to  discharge  in  the  spring,  to  discharge  and/or 
water  temperature  in  the  summer  (including  taxon  evenness), 
and  to  water  temperature  in  the  fall  rather  than  to  E.L.F. 
cumulative  ground  exposure.  A  linear  regression  of  discharge 
versus  insect  mass  was  highly  significant.  In  fact,  a  second 
regression  using  only  the  month  of  May  data  resulted  in  an 
value  of  0.79.  Growth  rates  of  the  taxa  analyzed  were  not 
associated  with  E.L.F.  activation.  Processing  rates  of  fresh 
leaves  were  not  significantly  different  between  sites  over 
the  years.  This  was  also  the  case  for  autumn-abscissed 
leaves.  The  variability  for  six  biotic  parameters  for 
insects  colonizing  the  leaves  for  24  to  28  days  each  year  was 
low.  Although  2-WAY  ANOVA  tests  often  showed  significant 
site  differences,  those  differences  were  similar  before 
versus  after  ELF  activation.  Separate  ANCOVA  tests,  using 
first,  ciomulative  degree  days  and  second,  ELF  cumulative 
exposure  values  showed  that,  often  adjusted  mean  values 
differed  between  the  sites  for  both  covariates.  Only  once 
was  there  a  difference  between  slopes  for  the  two  sites. 
Growth  rates  of  four  target  species  of  insects  were  not  shown 
to  be  affected  by  E.L.F.  activation.  However,  FEX  and 
FEX.LINE  often  showed  significant  differences  in  adjusted 
mean  values  and  slopes.  It  appears  that  FEX.LINE  is  not  very 
similar  to  FEX  from  the  few  data  we  have  for  those  site 
comparisons. 

The  fisheries  portion  of  the  aquatic  ecosystems  project 
emphasizes  the  fish  community  structure  and  abundance  and 
brook  trout  (Salvellnus  fontinalis)  growth,  condition  and 
mobility.  Much  of  the  data  are  obtained  using  1/2  inch  mesh 
fyke  nets  and  1/2  inch  hardware  cloth  weirs.  Catch 
statistics  for  all  species  caught  by  this  gear  are  kept  and 
used  to  generate  data  on  community  composition  and  abundance 
as  well  as  data  on  age,  length,  growth,  and  relative 
condition  of  individual  species.  Seventeen  species  were 
collected  at  the  test  site  (FEX)  in  1991  while  nineteen 
species  were  collected  at  the  control  site  (FCD) .  Overall, 
the  species  composition  and  diversity  were  similar  at  the  two 
sites  with  the  only  changes  seen  in  the  seldom  caught 
species.  Growth  and  condition  factors  were  calculated  for 
several  of  the  more  common  species  and  compared  to  literature 
values .  Length-weight  regression  analysis  and  relative 
weight  values  were  used  in  brook  trout  condition  analysis. 
Most  species  in  the  Ford  River  grow  slower  '  han  the  average 
calculated  from  populations  in  the  literature.  Brook  trout 
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movement  varied  in  intensity  and  magnitude  over  all  years  of 
the  study  due  to  changes  in  population  abundance.  Brook 
trout  movements  peaked  in  every  year  as  temperatures  exceeded 
their  optimum  for  growth  (16°  C)  and  this  timing  was  variable 
over  all  years  of  the  study.  Pre-  and  post-movement 
population  estimates  obtained  at  least  1  mile  downstream  of 
the  study  sites  have  shown  that  brook  trout  density  decreases 
significantly  after  the  peak  movement  occurs.  At  this  time 
no  effect  of  the  ELF  antenna  operation  has  been  detected  on 
1)  species  diversity,  2)  catch  by  numbers  or  biomass,  3)  mean 
daily  brook  trout  movement  rates,  or  4)  brook  trout  condition 
or  length/weight  regression. 

Overall,  we  have  detected  no  changes  in  the  aquatic 
community  that  we  can  relate  statistically  with  confidence  to 
operation  of  the  ELF  antenna.  We  monitor  a  wide  variety  of 
population  and  community  level  parameters  for  the  algal, 
insect  and  fish  communities.  Many  of  these  have  low  enough 
coefficients  of  variation  between  the  control  and  test  sites 
to  allow  us  to  detect  relatively  subtle  (20  to  30  %) 
differences  should  such  differences  occur. 
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VI .  SUMMARY 


This  research  project  is  directed  at  determining  the 
effects  of  low-level,  long-term,  electromagnetic  fields 
(ELF)  on  natural  streeun  ecosystems  and  their  associated 
plant  and  animal  life.  Detailed  ecological  sampling  and 
analyses  are  being  conducted  simultaneously  at  two  primary 
sites:  (1)  a  control  site,  FCD,  and  (2)  an  experimental 

site,  FEX,  at  the  corridor  of  the  ELF  antenna.  These  sites 
have  been  studied  since  1983  with  additional  sites  added  in 
1990  for  periphyton,  insect,  and  fish  movement  studies. 

The  N-S  leg  of  the  ELF  antenna  crosses  the  FEX  site  and  was 
tested  at  4-6  an^s  for  several  hours  on  several  days  from 
May  to  October,  1986;  at  15  amps  during  part  of  several 
days  between  April  28  and  November  15,  1987,  at  75  amps  for 
most  working  days  during  1988  and  at  150  amps  during  most 
working  days  in  1989  and  has  been  operated  at  full  power 
since  October  7,  1989.  The  analyses  reported  here  includes 
data  from  the  three  year  before  period,  a  3.5  year 
transition  period,  and  two  years  of  full  antenna  operation. 


Element  1-  Conduct  Ambient  Monitoring  Program 

Data  for  all  chemical  and  physical 
parameters, collected  at  the  commencement  of  the  study  in 
1983,  demonstrated  that  the  experimental  and  control  sites 
were  very  well  matched.  For  the  majority  of  the 
parameters,  there  were  no  significant  differences  between 
sites.  When  significant  differences  did  occur  between  the 
chemical  constituents,  they  usually  involved  slight* 
increases  in  a  downstream  direction.  This  trend  of  slight 
increase  from  the  upstrezun  site  to  the  downstreaun  site  for 
alkalinity,  hardness,  nitrate,  and  organic  nitrogen  may  be 
related  to  an  expected  accximulatlon  of  dissolved  load  in  a 
downstream  direction  or  to  local  land  use  differences 
between  sites.  Whatever  the  cause,  the  differences  were 
small  and  probably  would  not  lead  to  significant  inter-site 
differences  in  productivity.  We  conducted  experiments  in 
1987  to  determine  the  impact  of  M  and  P  Inputs  on  the  algal 
community.  Both  had  to  increase  before  significant  changes 
in  the  algal  community  occurred.  Clearly,  no  such  shift  in 
M  and  P  has  occurred. 

Dissolved  oxygen  was  only  slightly  below  saturation  at 
both  sites  in  1990-91  but  was  slightly  but  significantly 
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Chloride  also  was  slightly  but  significantly  higher  at 
FEX  than  it  was  at  FCD  in  1990-91.  This  difference  might 
reflect  a  slight  amount  of  road  salt  influence  from  Highway 
M-95  at  Channing,  MI  that  is  diluted  in  a  downstream 
direction.  This  difference  between  the  two  sites  did  not 
occur  in  1988.  Even  at  FEX,  chloride  levels  were  only 
slightly  higher  than  typical  rainfall  values.  Thus, 
chloride  should  have  little  effect  on  the  biota  at  either 
site . 

Chemical  and  physical  parameters  for  FEX  and  FCD 
demonstrated  that  these  two  sites  were  very  similar  in 
1990-91  with  significant  differences  between  sites  showing 
up  for  less  than  one-third  of  the  parameters  monitored. 

The  differences  that  did  occur  were  slight  and  should  have 
little  impact  on  site  productivity. 


Element  2  -  Periphyton  Studies 

1.  Chlorophyll  a 

Annual  patterns  for  chlorophyll  a  standing  crop  and 
accrual  were  characterized  by  large  year-to-year 
variability.  The  only  consistent  trend  was  for  July-August 
peaks  in  most  years  and  winter  lows.  The  magnitudes  of 
peaks  also  varied  between  years.  Paired  t-  tests  for 

1990-91  data  showed  no  significant  difference  between  our 
control  (FCD)  and  experimental  sites  (FEX) ,  as  well  as  for 
all  data  collected  since  1983.  "Before"  (6/83-4/86)  and 
"after"  (10/89-9/91),  control  (FCD)  and  impact  (FEX)  (BACI) 
and  Randomized  Intervention  Analysis  (RIA)  indicate  that 
the  between  site  relationship  in  chlorophyll  a  has  changed 
since  May  1989  when  the  antenna  became  fully  operational. 
However,  analysis  of  covariance  (ANCOVA)  of  the  after  data, 
with  ELF  exposures  included  as  a  covariant,  does  not 
suggest  that  ELF  exposures  are  correlated  with  the  observed 
inter-site  differences. 

2 .  Organic  Matter 

Organic  matter  (AFDW-biomass)  standing  crop  and 
accrual  rates  showed  considerable  year-to-year  variability 
similar  to  chlorophyll  a.  These  parameters  have  been 
consistently  characterized  by  showing  no  significant 

differences  between  sites  since  1983,  although  organic 
matter  accrual  at  FEX  was  higher  than  FCD  for  1990-91.  The 
only  overall  trend  has  been  for  a  July-August  peak  in 
standing  crop  and  accrual  rates  and  winter  time  lows  for 
both  standing  crop  and  accrual.  BACI  analyses  and  RIA  also 
showed  that  a  change  has  occurred  in  AFDW-organic  matter 
accumulation  since  the  testing  of  the  antenna  began  in 
1986.  The  difference  is  attributable  to  summer 
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variability.  Organic  matter  accrual  rates  were  not 
significantly  different.  ANCOVA  results  indicate 
significant  differences  between  FEX  and  FCD  after 
adjustment  for  earth  and  magnetic  field  exposures. 

However,  paired  t-tests  of  the  "before"  and  "after"  data 
did  not  detect  a  difference  between  the  two  sites. 

3.  Diatom  Cell  Density 

Diatom  cell  density  was  statistically  different 
between  sites  according  to  paired  t-tests  of  1990-1991  and 
1983-1991  data  sets.  BACI  analyses  and  RIA  also  detected 
significant  differences  between  the  data  collected  before 
May  86  and  that  collected  after  October  1989.  The  increased 
density  after  operation  of  the  antenna  began  may  be  related 
to  low  discharges  and  high  temperatures  during  May  and 
early  siommer  in  each  of  these  years.  Density  was  highest 
in  May  during  each  of  these  years. 

4.  Total  Biovolume  and  Individual  Cell  Volume 

Individual  cell  volume  comparisons  of  diatoms  between 
sites  showed  no  significant  differences  between  sites 
according  to  paired  t-tests  of  1990-1991  and  1983-1991 
data.  The  1990-1991  paired  t-  test  for  biovolume,  however, 
indicated  significant  differences  between  sites.  BACI 
analysis  and  RIA  detected  no  significant  changes  in  the 
inter-site  relationship  for  cell  volume  but  significant 
differences  for  biovolume  as  a  result  of  summer 
variability.  In  general,  average  cell  volume  was  high  in 
winter  and  low  in  summer,  whereas  total  biovolume  tended  to 
be  highest  in  summer  since  it  is  the  product  of  average 
vol\ime  times  density. 

5.  Species  Diversity  and  Evenness 

Diatom  species  diversity  and  evenness  at  FEX  and  FCD 
were  foiond  to  differ  significantly  in  1991  and  for  all  data 
collected  to  date  according  to  paired  t-tests.  Comparisons 
of  the  old  and  new  sites  indicated  that  only  species 
diversity  was  significantly  different  between  FEX-N  and 
FCD-N  during  1990-1991.  Annual  trends  showed  a  h^gh 
diversity  and  evenness  during  winter  (except  winter  of 
1986-87)  and  lower  values  during  the  summer  periods.  In 
1991,  we  calculated  percent  abundance  for  all  species  of 
diatoms  and  presented  data  for  those  species  that  achieved 
dominance  greater  than  10  %  for  any  season.  Two  species, 
Achnanthes  minutissima  and  Cocconeis  placentula  were  found 
to  dominate  during  the  1991  summer  period,  with  Cocconeis 
achieving  its  highest  abundance  ever  observed  since 

1983.  Three  species  achieved  dominance  during  the  winter 
of  1989.  BACI  and  RIA  analyses  were  presented  for  four 
domineuit  and  two  non-dominant  species  of  diatoms  and  showed 
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that  no  significant  differences  have  occurred  before  and 
after  antenna  testing  began.  Even  so,  overall  diversity 
and  evenness  have  changed  significantly  over  that  time 
period  according  to  the  paired  t-tests,  BACI  and  RIA 
analyses . 


6.  Photosynthesis-Respiration  Studies 

Net  primary  production,  respiration,  and  gross  primary 
production  of  the  community  on  rock  surfaces  did  not  differ 
greatly  between  sites.  RIA  and  BACI  emalyses  indicated 
that  there  have  been  no  significant  differences  between  FEX 
and  FCD  sites  for  gross  primary  production  rates  for 
"before"  and  "after"  data.  This  parameter  may  offer  a 
precise  me:^r.?  of  detecting  ELF  effects  on  community 
metabolism. 


Element  3  -  Effects  of  Insect  Grazer  Populations  of 
PeriPhvton  Communities 

This  element  was  eliminated  following  the  1989  field 
season,  since  effects  were  determined  to  be  too  varicQsle 
and  inconsistent  from  year  to  year  to  be  useful  in 
detecting  ELF  effects.  Efforts  previously  spent  on  this 
element  were  used  for  the  periphyton  studies  at  two 
additional  sites  for  Element  2. 


Element  4  -  Species  Richness  and  Biomass  of  Stream  Insects 
from  Artificial  Substrates  in  Riffles 

Coefficient  of  variation  values  for  structural  and 
functional  community  parameters  were  lowest  during  the 
summer  season  each  year  (June  -  August)  and  were  highest 
during  the  transitional  periods:  Spring  (April,  May)  and 
fall  .(September  -  November)  seasons.  In  the  spring,  both 
dramatic  changes  in  water  temperature  and  potentials  for 
high  discharges  interact  with  life  cycle  changes  of  the 
insects.  In  the  fall,  dramatic  drops  in  water  temperatures 
and  fall  rains  also  interact  with  life  cycle  changes  of  the 
insects.  Therefore,  data  analyses  were  separated  by 
season.  The  summer,  more  stable  period,  should  be  the 
season  were  any  E.L.F.  effects  could  be  best  detected. 
Two-Way  ANOVAS  showed  significant  year  and/or  site 
differences  for  many  biotic  parameters,  with  the  summer 
season  showing  the  fewest  significant  differences.  Of  the 
27  tests  (nine  parameters  times  three  seasons) ,  only  five 
had  significcuit  Interaction  terms. 

Twenty-two  B.A.C.I.  tests  showed  Tnificeuit  before 
versus  after  differences  once  and  that  \  s  for  taxon 
evenness  (J')  in  the  summer.  Evenness  was  highly 
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correlated  with  discharge  at  FEX  in  that  season.  Both 
discharge  and  water  temperatures  were  significantly 
correlated  with  insect  mass  and  with  periphyton  density. 

The  relationship  was  highest  in  the  spring  months  when 
discharges  were  at  their  highest.  Differences  in  slopes, 
using  ANCOVAs,  showed  that  insect  mass  at  FEX  was  more 
negatively  impacted  by  discharge  than  was  insect  mass  at 
FCD.  There  were  also  significant  differences  between  site 
means  during  the  summer  and  fall  for  those  analyses.  FEX 
almost  always  supported  a  higher  mass  of  insects  than  FCD, 
accounting  for  the  significant  differences  in  adjusted  mean 
values . 

Multiple  linear  regression  tests  were  performed  with 
years,  E.L.F.  cumulative  ground  exposure,  mean  discharge, 
and  cumulative  degree  days  as  the  independent  variables. 

In  the  spring,  discharge  accounted  for  more  of  the 
variation  in  J',  S,  numbers  of  individuals,  chironomid 
dominance  and  mean  insect  mass  than  any  other  physical 
variable.  In  the  summer,  both  discharge  and/or  emulative 
degree  days  accotinted  for  most  of  the  variation  in  H',  J', 

S,  numbers  of  individuals,  chironomid  dominance,  dominance 
of  collector-  gatherers,  predator /prey  ratios,  and  total 
insect  mass.  In  the  fall,  emulative  degree  days  accounted 
for  most  of  the  variation  of  the  nine  biotic  parameters  at 
FEX.  Multiple  r2  values  were  low  for  most  of  the  biotic 
parameters  at  FCD  in  the  fall.  Only  two  significant 
relationships  were  found  then;  discharge  versus  numbers  of 
individuals  and  versus  chironomid  dominance. 

Changes  in  mean  dry  weight /individual  (MDW/IND)  values 
for  three  mayflies,  two  caddisflies,  and  the  chironomid 
assemblage  were  presented.  Thus  far,  one  species, 
Paraleptophlebla  mollis  has  been  analyzed  using 
chronological  as  well  as  physiological  time  (emulative 
degree  days)  as  the  independent  variables.  There  was  no 
relationship  between  E.L.F.  activation  and  changes  in 
MDW/IND  values  for  this  species. 

An  additional  site  was  added  to  the  study  in  the  June 
of  1990;  FEX. LINE.  This  site,  downstream  of  FEX,  has 
higher  E.L.F.  fields  impinging  it  and  data  from  that  site 
will  be  compared  both  with  the  FEX  site  and  the  reference 
site,  FCD,  in  the  1992  Annual  Report.  We  suggest  that  the 
FEX. LINE  site  whould  be  deleted  in  1992  because  (1)  it 
lacks  pre-operational  data,  (2)  it  appears  different  from 
either  of  the  two  extant  sites,  and  (3)  efforts  are 
increased  by  one-thir!^,  with  this  site.  Those  energies 
could  be  used  elsewhere,  and  reduced  funding  makes 
reasonable  decisions  associated  with  reduced  effort  all  the 
more  important. 
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Element  5  -  Movement  Patterns  of  Pphloaomphus  colubrinus 

This  element  was  dropped  after  the  1989  field  season. 


Element  6  -  Leaf  Litter  Processing 

Each  year,  fresh  leaves  were  processed  faster  than 
were  autumn  leaves  at  each  site  when  all  years  were 
averaged  together.  There  were  no  site  differences  for 
fresh  leaves  and  no  site  differences  for  autvimn  leaves.  A 
new  site  was  added;  namely  FEX.LIME.  The  intensity  of  ELF 
fields  are  higher  there  than  at  the  FEX  site.  Fresh  and 
autumn  leaves  were  placed  there  in  1990,  and  fresh  leaves 
were  placed  there  in  1991.  Leaf  processing  rates  were 
analyzed  for  all  sites  from  the  beginning  of  the  study 
through  1990. 

The  lowest  coefficient  of  variation  (C.v.)  values  for 
structural  and  functional  commtonity  parameters  of  the 
insect  community  on  leaves  occurred  after  the  leaves  had 
been  in  the  river  approximately  four  weeks.  Data  from  that 
period  of  inciobation  was  used  in  the  analyses.  Although  2- 
Way  ANOVA  tests  often  showed  significant  site  differences, 
they  were  similar  before  versus  after  ELF  activation. 

ANCOVA  tests  were  run  to  determine  whether  there  were 
relationships  with  (1)  cumulative  degree  days  and  with  (2) 
ELF  emulative  exposures.  Results  were  similar  for  the  two 
covariates.  Usually  there  were  differences  in  adjusted 
meauis  for  the  six  biotic  parameters  for  each  of  the 
covariates;  only  once  were  there  significant  differences 
between  slopes. 


B.A.C-i.  tests  could  not  be  performed  on  these  data, 
as  there  is  only  one  mean  value  for  any  given  year  for 
processing  rates  and  for  any  collection  data.  Further,  the 
samples  were  non-independent,  given  the  fact  that  we  were 
looking  at  the  continuum  of  processing  patterns. 

ANCOVAS  showed  that  growth  rates  (MDW/IND  values)  for 
two  species  of  mayflies  and  one  species  of  stonefly  were 
generally  not  significantly  different  between  FEX  and  FCD. 
Comparisons  between  FEX  and  the  new  experimental  site 
FEX. LINE  showed  that  FEX. LINE  was  not  as  S'*milar  to  FEX  as 
was  FCD  to  FEX;  there  were  significant  differences  between 
the  two  experiment  a  ■*.  sites  for  growth  rates. 
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Element  7  -  Fish  Cflmmunity  Composition  and  ftbundancs 

1.  Species  Composition 

Seventeen  species  from  five  orders  and  ten  families 
were  collected  at  FEX  in  1991.  This  represents  a  net 
increase  of  one  order,  one  faonily  and  three  species  from 
the  previous  year.  Nineteen  species  from  ten  f2uailies  and 
five  orders  were  collected  at  FCD  in  1991  with  a  net 
decrease  of  one  order  and  one  family  and  a  net  increase  of 
one  species.  Overall,  the  species  composition  was  similar 
at  the  two  sites  with  the  only  changes  seen  in  rare 
species . 

2.  Species  Abundance 

Nximerically  and  by  biomass,  the  catch  was  dominated  by 
five  species  (brook  trout,  common  shiners,  creek  chubs, 
white  suckers,  and  burbot) .  Numerically,  common  shiners 
made  up  over  50%  of  the  catch  at  both  sites.  The  next  most 
abundant  species  at  FEX  was  white  suckers  followed  by  creek 
chubs,  brook  trout,  and  burbot.  At  FCD  the  next  in 
abundance  was  creek  chubs  followed  by  white  suckers,  brook 
trout,  and  burbot.  A  Spearman  Rank  Correlation  test  showed 
that  a  significant  correlation  existed  between  FEX  and  FCD 
from  1985  through  1991.  BACI  analysis  of  the  pre- 
operational  vs.  transitional  period  and  the  pre-operational 
vs.  post-operational  period  revealed  no  significant 
differences  between  sites  or  between  periods.  A  one-way 
ANOVA  also  detected  no  differences  in  percent  catch  by 
numbers  among  the  three  periods. 

Percent  catch  by  biomass  showed  different  trends  in 
community  structure  than  catch  by  number  at  both  sites.  At 
FEX  white  suckers  displayed  the  highest  percentage  of  the 
catch  followed  by  brook  trout,  common  shiners,  creek  chubs, 
and  burbot.  Brook  trout  had  the  highest  percentage  at  FCD 
followed  by  common  shiners,  white  suckers,  creek  chubs,  and 
burbot.  Cyprinid  biomass  continued  to  be  higher  at  FCD 
than  at  FEX.  A  Chi-square  test  showed  that  over  the  9 
years  of  the  study  FEX  and  FCD  had  similar  catch  by  biomass 
patterns.  BACI  analysis  and  one-way  ANOVA  revealed  a 
significant  difference  in  the  percent  catch  by  biomass  of 
burbot.  There  were  no  significant  differences  among  pre- 
operational,  transitional,  and  post-operational  periods  for 
any  of  the  other  species > 

Shannon-Weaver  diversity  values  for  1991  were  similar 
to  the  lower  values  observed  from  1988  through  1990.  A 
Spearman  Rank  Correlation  test  indicated  a  similar  pattern 
in  the  Shannon-Weaver  index  for  FEX  and  FCD  from  1983-1991. 
BACI  analysis  of  pre-operational  vs.  transitional  and  pre- 
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operational  vs.  post -operational  detected  no  difference  in 
the  index  values  between  the  periods. 

3.  Catch  Statistics 

The  mean  length  of  most  species  in  1991  showed  no 
consistent  year  to  year  trends  at  either  FEX  or  FCD. 

Overall  change.^  in  mean  length  have  been  slight,  which 

indicates  that  the  size  structure  is  consistent  from  year 
to  year  within  the  mobile  fish  communities  at  FEX  and  FCD. 
The  two  sites  continue  to  be  similar  in  mean  length  and 
trends  in  mean  length. 

4.  Fish  Community  Mobility 

Most  non-salmonid  fish  species  with  adequate  sample 
sizes  demonstrated  site  to  site  movement.  Recapture 
percentages  for  burbot,  creek  chubs,  and  white  suckers  were 

slightly  higher  in  1991  than  in  previous  years.  The  common 

shiner  recapture  percentage  was  slightly  less  this  year. 

5.  Individual  specifis  Analyses 

Age,  growth  2uid  condition  factor  analysis  using  common 
shiners,  creek  chubs  and  white  suckers  was  initiated  as  a 
section  of  this  element  in  1986  with  the  premise  that  these 
factors  are  good  indicators  of  fish  stress.  Fish  condition 
was  examined  using  relative  condition  factors.  Standard 
weight  foirmulas  were  derived  for  common  shiners,  creek 
chubs  eund  white  suckers  from  literature  data.  White  sucker 
condition  factor  was  below  the  species  means  reported  in 
literature  for  all  years.  Common  shiner  condition  factor 
declined  to  below  the  literature  mean  for  the  first  time  to 
slightly  below  the  literature  mean  in  1991.  Creek  chub 
condition  factor  has  remained  below  the  literature  mean 
since  1966.  The  method  for  determining  age  and  growth  has 
been  changed  from  scale  analysis  to  length  frequency 
distribution  analysis.  Consequently,  this  analysis  is  in 
its  early  stages  suid  no  conclusion  can  be  drawn  as  of  this 
date. 


6.  Fixed  Ssajn  Calibration 

This  study  is  designed  to  determine  a  functional 
relationship  between  fixed  gear  catch  and  actual  fish 
densities.  Net  and  weir  catches  can  then  be  used  to  more 
accurately  determine  fish  densities  in  the  Ford  River. 
DeLury  estimates  showed  that  fish  densitites  and  biomass 
declines  from  upstream  sites  to  downstream  sites.  Also 
pre-movement  (Spring)  populations  and  biomass  are  higher 
than  post-movement  (Summer)  estimates  at  all  sites. 
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Element  8  -  Brook  Trout  Movement 

1.  Movement  Patterns  and  Rates 

Brook  trout  catches  peaked  in  late  spring-early  summer 
at  all  sites.  The  peak  occurred  in  June  in  1984,  1987, 

1988  and  1989,  and  in  July  in  1985  and  1990  with  the 
movement  in  an  upstre2un  direction.  Peak  catches  in  1984, 
1985,  1987  and  1988  were  not  seen  in  1986,  1989,  or  1990. 
Brook  trout  catches  in  1991  increased  from  late  May  xintil 
mid  June  and  remained  high  until  mid  July.  Brook  trout 
movement  appeared  to  be  initiated  by  mean  daily  water 
temperatures  exceeding  the  optimal  growth  temperature  (16° 

C) .  Movement  rates  are  prob2d3ly  controlled  by  how  quickly 
water  temperatures  increase  past  optimal  in  spring.  Low 
groundwater  discharge  and  river  flow  volumes  also  may 
create  thermal  barriers  to  movement.  Ground  water  recharge 
through  spring  snowmelt  and  precipitation  are  also 
important  variables.  Brook  trout  (>190  mm)  move  from  FEX 
and  FCD  upstream  toward  the  TM  site  based  on  a  total  of 
1230  tagged  and  branded  fish.  In  all  years,  TM  was  chosen 
over  FCU  on  the  basis  of  the  mean  temperature  being  closer 
to  optimal  growth  temperature.  Recapture  rates  were 
consistent  from  1984  to  1985  with  no  movement  found  in  1986 
and  little  in  1987,  1988  and  1990.  Movement  was  observed 
in  1989  although  not  at  1984-1985  levels.  Recapture  rates 
were  at  their  highest  in  1991  with  16  fish  marked  at  FEX 
and  29  fish  marked  at  FCD  being  recaptured  at  TM.  Movement 
rates  overall  all  years  were  found  to  range  between  0.67  to 
12.7  km/ day.  Rates  from  FEX  to  TM  were  similar  among  1984, 
1985,  1987,  1989,  and  1991  with  no  catches  among  these 
sites  in  1986,  1988,  and  1990.  Brook  trout  movement  rates 
from  FCD  to  TM  were  greater  in  1989  and  1985  than  in  1984 
and  1991.  No  movement  was  detected  between  any  sites  in 

1986  and  very  little  between  site  movement  was  detected  in 

1987  and  1990. 

No  differences  in  either  mean  daily  movement  rate  or 
number  of  days  between  tagging  and  recapture  were  detected 
when  the  pre-operational,  transitional  periods,  and  post- 
operational  periods  were  compared.  The  low  numbers  of  fish 
detected  passing  under  the  antenna  during  the  transitional 
period  and  1990  could  have  been  due  to  an  increase  in  the 
niamber  of  beaver  dams  coupled  with  low  water  conditions. 
However,  the  movement  of  45  brook  trout  from  FCD  and  FEX  to 
TM,  the  recapture  of  3  fish  marked  at  FCD  and  1  fish  marked 
at  FEX  at  FEN,  and  the  direct  observance  of  two  radio 
tagged  brook  trout  passing  under  the  antenna  indicates  that 
the  antenna's  electromagnetic  field  does  not  impede 
passage . 
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2. 


Analysis 


Michigan  Department  of  Natural  Resources  conducted 
four  electrofishing  surveys  at  two  sites  on  the  Ford  River. 
The  brook  trout  density  at  FSl  in  June  1985  was  269  ±  47.5 
per  ha  with  biomass  of  2.35  kg/ha.  Most  of  these  fish  were 
YOY  and  yearling  fish  with  very  low  densities  of  adult 
fish.  Trout  densities  at  FCD  ranged  from  60.7  fish/ha 
(biomass  *  1.20  kg/ha)  at  pre-movement  to  0  fish  during  the 
summer  post-movement  period.  These  densities  are  very  low 
when  conqpared  to  literature  values  and  are  probably 
indicative  of  the  variable  conditions  of  the  Ford  River. 
These  data  also  indicate  that  a  large  percentage  of  the 
population  moves  out  of  the  lower  river  (FCD  site)  in  the 
Spring  movement  period. 

ELF  calibration  studies  determined  the  brook  trout 
densities  range  from  0.0  fish/ha  at  FCD  to  405.7  fish/ha  at 
TM.  Overall  values  are  below  Michigan  averages  and  show 
the  recruitment  is  low  at  the  sites  sampled  (except  TM)  . 

3.  Brook  Trout  Aae.  Growth  ^nsi  Condition 

Age  and  growth  analysis  using  scales  indicated  that 
the  brook  trout  in  the  Ford  River  exhibit  average  or  better 
growth  when  compared  to  literature  values.  Differences  in 
slopes  of  the  regression  lines  between  FCD  and  FEX  in  each 
year  revealed  significant  differences  only  in  1984,  1986, 
and  1988.  Covariance  analysis  detected  a  significant 
difference  between  the  slopes  of  the  regression  lines  among 
pre-operational  (1983-1985) ,  treuisitional  (1986-1989) ,  and 
post -operational  (1990-1991)  periods.  The  slopes  of  the 
regression  lines  were  greater  at  FCD  for  all  periods. 

Brook  trout  condition  was  examined  using  relative  weight 
condition  factors  (Wr)  and  regression  analysis.  A  standard 
weight  formula  was  calcualted  from  45  literature 
populations  for  use  in  this  analysis.  Ford  River  brook 
trout  demonstrated  average  to  below  average  condition  when 
compared  to  the  species  average  (Wr  89  -  104)  .  Condition 
factors  declined  from  1983  to  1986  and  improved  from  1987 
to  1990  and  then  declined  again  in  1991.  Length/weight 
regression  analysis  revealed  no  significant  differences  in 
the  slopes  of  the  regression  lines  between  sites  in  all 
years  except  in  1985.  In  addition,  covariance  analysis 
detected  no  significant  differences  in  the  slopes  of  the 
regression  lines  among  pre-operational,  transitional,  and 
post -operational  years. 
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VII.  PROJECT  RATIONALE  AND  APPROACH 


Our  research  plan  Is  directed  at  determining  the 
effects  of  extremely  low-level,  long  term  electromagnetic 
fields  (ELF)  and  gradients  produced  by  the  ELF 
Communications  Systems  on  aquatic  plant  and  animal  life. 

The  integrated  approach  we  have  ta)cen  is  to  combine  the 
major  interrelated  and  interactive  components  of  aquatic 
systems  (i.e.,  periphytic  algae,  aquatic  insects,  and  fish) 
and  to  monitor  sensitive  life  history  events  and  community 
processes  critical  to  the  basic  structure  and  function  of 
stream  ecosystems.  These  include:  periphyton  and  stream 
invertebrate  colonization,  migration,  diversity,  trophic 
level  changes  in  density  and  biomass,  as  well  as  primary 
productivity;  organic  matter  processing  by 
macroinvertebrates;  dynamics  of  fish  population  growth, 
reproduction,  and  survival;  fish  behavior  including  movement 
patterns  of  homing  and  migration.  Since  many  of  these 
processes  and  events  are  mutually  dependent  on  one  another 
and  interactions  are  coit^lex,  we  feel  that  a  holistic 
approach  with  a  multi-disciplinary  effort  is  imperative. 

Our  research  plan  represents  an  integrated  study  of 
stream  ecosystems  involving  three  aquatic  components  for 
monitoring  the  potential  effects  of  ELF.  These  components 
are:  (1)  periphytic  algae;  2)  aquatic  insects;  and  3)  fish. 
The  design  incorporates  studies  of  ecosystem  properties  with 
studies  of  behavior  and  biology  of  individual  species  so 
that  any  effects  of  ELF  can  be  quantified  at  the  population, 
community  and  ecosystem  levels. 

We  selected  stream  ecosystems  as  representative  aquatic 
ecosystems  rather  than  lalces  or  marshes  because;  (1) 
upstream-downstream  paired  plots  on  the  same  system  provide 
less  variedjility  than  between  lake  comparisons;  (2) 
migratory  behavior  is  more  likely  to  be  important  in  stream 
organisms;  and  (3)  our  expertise  and  interests  are  oriented 
toward  stream  ecology. 

The  effects  of  ELF  on  stream  ecosystems  are  tested 
using  a  paired  plot  design  of  selected  sections  of  the 
chosen  stream,  the  Ford  River.  Plots  were  selected  to  afford 
one  area  of  study  away  from  the  antenna  corridor  for  use  as 
a  control  site  (FCD) ,  and  another  area  directly  under  the 
antenna  ced^le  for  use  as  the  experimental  site  (FEX)  (Fig. 
VII. 1).  These  two  stream  sections  constitute  our  paired 
plot  design.  We  have  intensively  studied  and  sampled  the 
river  at  these  sites  since  June  of  1983,  when  the  final  site 
selections  were  made.  In  1990,  additional  sites  for 
conducting  periphyton,  insect,  and  fish  movement  studies 
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(FEX-N,  FCD-N,  FEX.Line,  and  FEN)  were  chosen  to  increase 
the  exposure  difference  to  the  10  fold  difference  called  for 
at  the  beginning  of  the  study.  We  also  monitor  fish 
movement  using  the  other  sites  indicated  on  Fig.  VII. l  (FCU, 
and  TM) . 

For  the  two  primary  sites,  we  are  continuously 
monitoring  stream  velocity  and  water  depth  so  the  discharge 
can  be  calculated.  Water  temperatures,  dissolved  oxygen, 
pH,  and  solar  radiation  at  the  surface  and  at  the  stream 
bottom  are  also  being  continuously  monitored.  We  also 
sample  all  other  chemical  parameters  required  in  the  RFP. 

The  data  generated  from  this  research  should;  (1) 
determine  whether  the  ELF  Commxjnications  System  affects 
aquatic  plant  amd  animal  life  in  stream  systems;  and  (2) 
contribute  to  a  better  understanding  of  stream  processes 
which  will  help  clarify  a  niamber  of  important  aspects  of 
current  conceptual  models  of  stream  ecosystem  structure  and 
function. 


VIII.  PRESENTATIONS  AND  PUBLICATIONS  FOR  1990-1991 


Burton,  T.  M.,  D.  M.  Mullen,  and  S.  L.  Eggert .  1991.  Effects 
of  extremely  low  frequency  (ELF)  fields  on  the  diatom 
community  of  the  Ford  River,  Michigan.  3rd  annual 
Midwest  Pollution  Control  Biologists  Meeting,  April  10- 
13,  Chicago,  IL.  (To  be  published  in  Proceedings  of  1991 
Midwest  Pollution  Control  Biologists  Meeting) . 

Eggert,  S.  L.,  T.  M.  Burton,  and  D.  M.  Mullen.  1991.  A 
comparison  of  RIA  and  BACI  analysis  for  detecting 
pollution  effects  on  stream  benthic  algal  communities. 

3rd  annual  Midwest  Pollution  Control  Biologists  Meeting, 
April  10-13,  Chicago,  IL.  (To  be  published  in 
Proceedings  of  1991  Midwest  Pollution  Control  Biologists 
Meeting) . 
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IX.  OVERALL  OBJECTIVES  AND  SPECIFIC  TASK  OBJECTIVES 


OVERALL  OBJECTIVE 

Our  major  objective  in  this  study  is  to  determine  the 
effects  of  low  level,  long  term  electromagnetic  fields  and 
gradients  produced  by  the  ELF  Communication  System  on 
aquatic  plant  and  animal  life  in  streams.  The  study  will 
incorporate  studies  of  ecosystem  properties  with  studies  of 
behavior  and  biology  of  individual  species  so  that  any 
effects  of  ELF  will  be  qu2mtlfied  at  the  population, 
community  and  ecosystem  level. 

SPECIFIC  TASK  OBJECTIVES 

A.  Perlphvtie  Algal  Studies 

The  objectives  of  the  periphytic  algal  studies  are: 

(1)  to  quantify  any  changes  in  species  diversity, algax 
density,  and  chlorophyll  a  that  might  occur  as  a 
result  of  ELF  electromagnetic  fields; 

(2)  to  quantify  any  changes  in  primary  productivity 
that  might  occur  as  a  result  of  ELF;  and 

(3)  to  monitor  algal  cell  volume  and  chlorophyll  a. 
to  phaeophytin  a  ratio,  thereby  providing  an 
index  to  physiological  stress  of  periphytic 
algal  cells  that  might  occur  as  a  result  of  ELF 
electromagnetic  fields. 

B.  Aquatic  Insect  Studies 

The  objectives  of  the  studies  of  aquatic  insects 

are: 

(1)  to  quantify  any  changes  in  organic  matter 
processing  rates  that  occur  as  a  result  of 
ELF; 

(2)  to  quantify  changes  in  species  richness, 
individual  abundances,  and  species  diversity  of 
the  aquatic  insect  communities  associated  with 
leaf  pack  and  inorganic  stream  bottom  substrates; 

(3)  to  quantify  trophic,  behavioral,  and  community 
level  changes  in  selected  species  of  aquatic 
insects  from  an  array  of  functional  feeding 
groups  (grazers,  collectors,  etc.). 

C.  Fish  Studies 

The  objectives  of  the  studies  of  the  fish  are: 

(1)  to  quantify  any  changes  in  the  seasonal 
movement  patterns  and  eibundance  of  the  mobile 
fish  community  that  occur  as  a  result  of  ELF; 

(2)  to  quantify  any  changes  in  the  rate  of  brook 
trout  movement  through  the  ELF  corridor  that  • 
occur  as  a  result  of  ELF  electromagnetic  fields . 
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X.  PROGRESS  BY  WORK  ELEMENT 
Element:  1  -  Conduct:  Ambient  Monitoring  Program 
Changes  from  workplan  -  None. 

Object*  Ives 

The  objectives  of  this  work  element  are:  (1)  to 
provide  the  background  data  on  physical  and  chemical 
parameters  needed  to  correlate  observations  on  biological 
community  dynamics  with  environmental  parameters,  and  (2) 
to  monitor  stream  chemistry  to  determine  whether  or  not 
observed  changes  in  community  structure  are  related  to 
water  quality  changes  rather  than  potential  ELF  radiation 
induced  changes. 

Rationale 

The  chemical  and  physical  factors  selected  for  study 
are  known  or  suspected  to  be  important  factors  that  may 
control  or  influence  growth,  community  structure,  or 
community  dynamics  of  periphyton,  insects,  and  fish. 
Correlating  these  variables  with  biological  data  may 
ultimately  be  useful  in  predicting  the  effects  of  these 
environmental  parameters  on  the  biotic  community.  Thus, 
they  may  be  useful  in  separation  of  background 
environmental  variability  from  effects  induced  by  extremely 
low  frequency  electromagnetic  radiation  (ELF) .  Even  though 
many  of  these  variables  may  not  presently  correlate  with 
biological  data,  unexpected  large  shifts  could  lead  to 
dramatic  changes  in  the  biotic  community.  Thus,  a  second 
goal  of  the  monitoring  program  is  to  document  the  presence 
or  absence  of  shifts  in  chemical  or  physical  variables  that 
could  occur  if  some  perturbation  such  as  an  unexpected 
discharge  of  a  pollutant  were  to  occur.  The  physical  and 
chemical  parameters  being  monitored  include  the  major  plant 
nutrients  because  of  their  potential  Impact  on  trophic 
level  dyneunics  (e.g.  the  various  species  of  nitrogen  and 
phosphorus  as  well  as  silica,  since  diatoms  dominate 
benthic  algal  production)  or  pareuneters  that  are  known  to 
influence  insects  and  fish  (e.g.  turbidity,  dissolved 
oxygen,  discharge  and  current  velocity,  water  temperature, 
etc.) .  Many  of  the  parameters  were  originally  specified  in 
the  request  for  proposal  and  offer  general  indices  to  site 
productivity  or  water  quality . (e.g.  specific  conductance, 
alkalinity,  hardness,  chloride,  etc.).  Some  of  the 
original  parameters  have  been  eliminated.  These  include 
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total  dissolved  solids  and  suspended  solids.  Neither 
correlated  well  with  biological  parameters.  Further,  an 
index  to  total  dissolved  solids  can  be  derived  from 
correlations  of  this  parameter  with  specific  conductance, 
alkalinity,  and  hardness,  while  turbidity  provides  an  index 
to  suspended  solids  (see  correlations  reported  in  previous 
annual  reports) . 

The  goal  of  this  annual  report  will  be  to  present  data 
on  all  parameters  collected  since  1983  at  our  current 
monitoring  sites  (the  experimental  site,  FEX,  and  the 
control  site,  FCD)  and  to  document  trends  and  variability 
in  each  parameter.  We  also  present  statistical  comparisons 
between  the  two  sites  in  order  to  document  the  fact  that 
the  two  sites  do  not  differ  significantly  for  most  of  these 
parameters.  We  continued  to  use  water  quality  and  other 
environmental  data  from  these  two  sites  only  since  they  are 
within  150  meters  of  the  new  sites  (FEX-New  or  FEX-N  and 
FCD-New  or  FCD-N) .  This  distance  is  not  great  enough  to 
significantly  affect  water  chemistry,  temperature,  etc., 
since  riparian  vegetation  does  not  change  appreciably  over 
this  distance  nor  does  any  new  tributary  or  obvious  source 
of  ground  water  enter  between  the  old  and  new  sites.  Note 
that  our  FCD-N  and  FEX-N  are  within  10-15  meters  of  FEX- 
LINE  and  the  new  position  of  FCD  sampling  for  the  aquatic 
insect  portion  of  the  study. 

Materials  and  Methods 

Ambient  monitoring  stations  were  installed  at  the 
experimental  site  (FEX)  and  at  the  control  site  (FCD)  in 
July,  1983  and  were  operated  until  the  last  week  of 
October.  Each  year  since  1983,  these  stations  were 
installed  in  mid-April  and  were  operated  through  the  last 
week  of  October.  This  period  represented  the  period  from 
snow  melt  in  spring  until  the  time  of  some  ice  and  snow 
deposition  in  autumn.  After  late  October,  problems  were 
encountered  with  equipment  maintenance  and  the  stations 
were  removed  and  stored  for  the  winter. 

The  stations  automatically  logged  on  Omnidata  data  pods 
(model  DP  211)  the  following  parameters: 

(1)  Photosynthetically  active  solar  radiation  (PAR) 
was  measured  in  a  clearing  on  the  stream  bank  and 
represented  above  water  solar  radiation.  PAR  was  also 
measured  under  the  water  surface,  15  cm  above  the  stream 
bottom  in  a  riffle  to  pool  transition  area  and  represented 
below  water  solar  radiation.  These  measurements  were  taken 
using  Li-Cor  Model  LI-192SB  underwater  quanttam  sensors. 

Data  were  taken  at  both  FEX  and  FCD  through  1986,  but 
measurements  were  deleted  at  FCD  in  1987  due  to  failure  of 
one  of  the  data  pods.  No  fxonds  were  in  the  budget  for 
equipment  replacement  and  this,  coupled  with  the  expected 
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relative  constancy  of  solar  input  between  the  two  sites, 
led  to  the  decision  to  cease  measurement  of  solar  radiation 
at  one  of  the  sites.  This  station  was  repaired  for  the  1988 
season.  All  four  quantum  sensors  were  sent  .to  LI-COR,  Inc. 
for  calibration  during  spring,  1991  and  returned  to  the 
field  in  late  June. 

(2)  Dissolved  oxygen  was  monitored  using  L.  G.  Nestor 
Model  8500  portable  dissolved  oxygen  meters  with  general 
purpose  submersible  probes.  These  meters  started  to 
deteriorate  in  performance  in  1987  after  five  years  in  the 
field.  We  had  difficulty  maintaining  the  meters  and  probes 
in  operating  condition  especially  at  FCD.  We  had  these 
meters  repaired  during  the  1987-88  winter  period  and 
ordered  new  probes.  We  obtained  reliable  data  for  both 
sites  for  1988.  The  dissolved  oxygen  meter  at  FCD  was 
siibmerged  in  a  flood  event  during  mid-June  of  1989.  As 
there  were  insufficient  funds  to  replace  it,  the  dissolved 
oxygen  data  used  for  this  report  came  from  the  twice  weekly 
samples  taken  in  the  field  at  both  sites.  The  28  day  mean 
dissolved  oxygen  at  FEX  using  this  field  data  was  not 
significantly  different  (paired-t  =  -0.117,  P  =  0.913)  than 
the  28  day  means  calculated  using  the  ambient  monitoring 
equipment  at  that  site.  Thus,  we  felt  that  there  was  no 
serious  loss  of  data  resulting  from  the  temporary  loss  of 
the  meter.  Since  the  ambient  monitoring  equipment  provided 
more  detailed  data  (every  30  minutes  throughout  the  season) 
than  the  manual  field  sampling,  we  replaced  the  D.O.  merer 
before  the  start  of  the  1990  field  season,  and  30  minute 
interval  data  for  the  field  seasons  have  been  collected 
since  that  time. 

(3)  pH  was  measured  using  the  Altex  (BecJcman)  Monitor 
II  System  with  specially  built  long  term,  gel-filled 
sxibmersible  pH  probes  from  Fisher  Scientific.  These  meters 
have  given  us  problems  in  the  past.  The  meters  were 
repaired  over  the  winter  of  1987-88  and  new  probes  were 
ordered.  We  think  that  much  of  our  past  problems  were 
associated  with  using  the  submersed  probes  for  too  long  a 
period  of  time.  These  probes  only  have  a  submersed 
expected  life  of  3  or  4  months  according  to  the  chemist  at 
Fisher  Scientific.  By  changing  the  probes  as  needed  over 
the  summer,  we  have  been  able  to  obtain  consistent  data 
since  1988. 

(4)  Air  and  water  temperature  were  monitored  using 
thermistors.  Water  depth  was  monitored  using  Stevens  Type 
F  strip  chart  recorders.  These  depth  data  were  used  to 
calculate  discharge  using  a  stage  height-discharge 
relationship  developed  for  each  of  the  two  sites  on  the 
Ford  River.  Stage  (water  level)  -  discharge  relationships 
were  determined  for  each  station  using  Teledyne  Gurley 
pygmy  or  Price-type  current  meters  using  the  velocity  area 
technique  (Gregory  and  Walling  1973,  p.  129)  with  at  least 
20  verticals  per  cross-section.  At  least  15  of  these 
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determinations  have  been  made  at  various  stage  heights  each 
season  to  insure  that  the  relationship  has  not  changed  from 
previous  years.  The  extremely  low  flow  associated  with  the 
drought  conditions  in  1988  led  to  some  adjustments  of  the 
stage-discharge  relationship  for  the  low  discharge  end  of 
the  regression  for  both  sites.  Discharge  values  were  highly 
predictable  from  stage  height  data  using  calculated 
regressions  with  r2  values  greater  than  0 . 96  for  FEX  and 
0.97  for  FCD. 

All  automatically  acquired  data  were  checked  and 
calibrated  by  manually  determining  each  parameter  at  least 
twice  per  week.  Thus,  even  if  the  meters  became 
inoperable,  we  still  had  at  least  two  determinations  per 
week  for  each  parameter.  For  example,  the  field  pH  meters 
were  calibrated  twice  per  week  with  pH  7  and  10  buffers, 
and  field  pH  meters  were  checked  against  an  Orion  Model  701 
specific  ion  and  pH  meter  in  the  laboratory  at  these  same 
times  twice  each  week.  Dissolved  oxygen  meters  were 
calibrated  using  the  azide  modification  of  the  Winkler 
procedure  (APHA  1980) .  Air  and  water  temperature  were 
recorded  twice  per  week  using  hand-held  thermometers,  and 
depth  was  recorded  from  the  manual  staff  gauges  at  each 
site. 


Data  from  the  data  pods  were  transferred  from  the  EPROM 
chips  in  the  data  pods  to  diskettes  using  an  Omnidata  Model 
217  reader  and  an  Apple  II  plus  computer.  Data, 
accumulated  daily  at  30  minute  intervals,  were  read  and 
summarized  every  two  weeks  throughout  the  April  to  October 
period.  These  data  are  summarized  for  the  28  day  intervals 
used  for  periphyton  sampling  in  this  report.  Daily  summary 
data  were  supplied  to  each  task  investigator  (periphyton, 
insects,  fish  tasks)  as  conqputer  printouts. 

In  addition  to  the  manual  determinations  of  pH, 
dissolved  oxygen,  water  and  air  temperature  as  described 
above,  saiiiples  were  taken  once  per  week  for  determination 
of  turbidity,  alkalinity,  hardness,  and  specific 
conductance.  These  samples  were  chilled  on  ice,  returned 
to  the  field  laboratory,  and  the  above  parameters  were 
determined  within  3-5  hours  of  collection.  Twice  per  week, 
samples  were  taken  and  frozen  for  later  determination  of 
total  phosphorus,  solvible  reactive  phosphorus  (samples  were 
placed  on  ice  after  collection  and  were  filtered  within  3-5 
hours  of  collection) ,  nitrate-N,  nitrite-N,  ammoniiam-N, 
organic-N  (total  Kjehldahl  N  minus  ammoni\am) ,  chloride,  and 
dissolved  silicate-Si  (Si  samples  were  refrigerated  instead 
of  being  frozen  since  freezing  can  cause  interference  with 
this  procedure) .  The  N,  P,  Si,  and  Cl  samples  were 
analyzed  during  the  winter  months  after  preparation  of  the 
annual  report.  Thus,  there  is  a  one  year  lag  time  in 
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reporting  these  data.  During  winter  months,  samples  were 
taken  at  one  month  intervals  for  all  of  the  parameters 
discussed  above  through  the  winter  of  1986-87.  This 
interval  was  decreased  to  once  every  other  month  in  1987-88 
and  once  every  6  weeks  in  1988-89  and  1989-90,  since  the 
expense  of  taking  the  samples  is  prohibitive  given  the 
minimal  amount  of  biological  data  collected  during  the 
winter  months. 

All  chemical  analyses  followed  procedures  outlined  in 
standard  Methods  (APHA  1980)  or  approved  techniques  of  the 
U.S.  Environmental  Protection  Agency  (U.S.  EPA  1979) . 

Stream  velocity  was  also  recorded  for  the  periphyton 
samplers  (see  Element  2)  using  the  Gurley  pygmy  meters 
about  once  per  week.  These  data  were  used  to  adjust  the 
positions  of  the  periphyton  samplers  in  the  stream  so  that 
samplers  at  each  site  were  exposed  to  comparable  flow 
regimes . 

Statistical  comparisons  included  paired  t-tests  between 
the  two  sites  for  each  parameter,  correlations  between  the 
two  sites,  and  correlations  between  the  chemical  and 
physical  parameters.  Unless  otherwise  indicated,  we 
accepted  as  significant  p<0.05. 

Procedures  for  calculating  ELF  exposures  to  earth 
electric  fields  and  to  magnetic  flux  were  explained  in  the 
last  annual  report.  Essentially,  these  data  were 
calculated  on  the  basis  of  hours  of  operation  from  the  logs 
of  the  antenna  operation  and  from  site  measurements  of 
earth  electric  fields  and  magnetic  flux  data  from  IITRI. 

Results  and  Discussion 

A.  Field  Chemistry 

The  dissolved  oxygen  (DO)  data  for  1990-91  (Table  1.1) 
corroborated  the  highly  predictable  pattern  observed  at 
both  sites  for  all  previous  years  of  the  project  with 
winter  highs  and  sunnner  lows  (Fig.  1.1).  In  general, 
winter  values  were  11  mg/L  or  higher  and  siimmer  values 
never  dropped  below  7  mg/L  (Fig.  1.1)  .  Since  cold  water 
contains  more  dissolved  oxygen  at  saturation  than  does  warm 
water,  one  would  expect  this  type  of  pattern  if  the  water 
in  the  river  is  near  saturation  throughout  the  year.  The 
Ford  River  was  typically  5-x5  %  undersaturated  at  each 
site,  and  DO  has  shown  high  negative  correlations  with 
temperature  at  each  site  (r  =  -0.93  and  -0.95  at  FCD  and 
FEX  respectively,  p<0.01  at  both  sites) .  There  was  a 
significant  (p<0.01)  correlation  (r  =  0.99)  in  dissolved 
oxygen  values  between  the  two  sites  for  1990-91  (Table  1.2) 
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Table  1.1  pH  and  Dissolved  Oxygen  (mg/L)  for  the  Ford  River  for  1991. 
Values  are  Means  ±  S.E.,  N  In  Parentheses. 
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DISSOLVED  OXYGEN  (MG/L) 
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FIGURE  1.1  MEAN  DISSOLVED  OXYGEN  LEVELS  (-^S-E.)  FOR  EACH  28  DAY  PERIOD 
FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES,  1983*1991. 
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as  illustrated  by  Fig  1.1  and  Table  1.1.  We  also  reported 
this  high  degree  of  correlation  for  all  data  collected 
prior  to  1990-91  (r  =  0.98)  (TcUsle  1.3)  .  In  1990-91,  there 
was  a  significant  difference  between  the  two  sites  (Table 
1.2),  even  though  there  had  not  been  significant 
differences  between  the  two  sites  for  data  collected  in 
1988  (see  the  1988  emnual  report) .  In  the  1988  report,  we 
hypothesized  that  differences  in  dissolved  oxygen  between 
the  sites  reported  prior  to  1988  were  due  to  a  researcher 
bias  for  consistently  visiting  one  site  first  during  the 
sampling  trip.  Altering  the  site  that  was  visited  first 
seemed  to  eliminate  this  difference  in  1988,  but  has  not 
wor)ced  since  then.  In  all  years  in  which  there  has  been  a 
difference  between  the  2  sites,  FEX  has  had  the  higher  D.O. 
(Fig.  1.1)  .  The  reason  for  this  difference  is  not  )cnown 
but  may  be  caused  by  many  factors  (ie.  turbulent  water 
upstream  of  FEX  that  is  not  present  at  FCD) .  Regardless  of 
the  cause,  when  differences  have  occurred  between  the  two 
sites  in  the  past,  they  have  been  small  (Fig.  1.1)  with 
values  at  each  site  well  above  DO  levels  of  6.0  mg/L  needed 
for  maintenance  of  trout  populations  in  good  condition 
(Mckee  and  Wolf  1963) . 

The  1990-91  pH  data  for  the  two  sites  followed  the 
previous  pattern  of  sxammer  highs  and  winter  lows  (Fi^.  1.2, 
Table  1.1),  probably  related  to  higher  levels  of  primary 
production  in  the  stammer  (see  Element  2)  coupled  with  lower 
stream  discharge,  and  higher  values  for  alkalinity  (pH  was 
significantly  (p<0.05)  correlated  with  all  these 
parameters) .  The  most  highly  correlated  parameters  with  pH 
were  water  temperature  with  r's  greater  than  0.72  at  both 
sites  and  discharge  with  r's  greater  than  -0.67  at  both 
sites.  The  pH  values  at  the  two  sites  were  significantly 
correlated  with  each  other  in  1990-91,  and  there  were  no 
significant  differences  between  sites  (Table  1.2)  as  has 
been  true  for  all  data  collected  over  the  course  of  the 
study  (Table  1.3) .  Automatically  acquired  data  for  the  two 
sites  since  1988  has  been  consistent  in  quality  unlike  the 
inconsistent  data  collected  in  1986  and  1987.  The  changes 
in  procedure  described  in  the  methods  section  resulted  in 
this  consistent  data  from  1988  through  1991. 

Alkalinity  and  hardness  followed  similar  trends  for  the 
two  sites  (Table  1.4  and  Figs.  1.3,  1.4)  with  high  values 
occurring  during  times  of  low  flows,  and  low  values 
occurring  during  times  of  high  flows  (Fig.  1.5,  1.6). 

These  parameters  are  significantly  (p<0.01)  positively 
correlated  with  specific  conductance  (r  =  0.74  or  greater). 
As  expected,  hardness  and  alkalinity  are  highly  correlated 
with  each  other  (r=0.99,  p<0.01)  at  both  sites,  and  it 
would  be  feasible  to  drop  one  of  these  two  analyses  from 
our  sampling  program.  We  will  eliminate  hardness  analyses 
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Table  1.3  Results  of  Paired  t-tests  and  correlations  between  Experimental  (FEX) 
and  Control  (FCD)  sites  for  water  chemical  constituents  and  ambient 
parameters  from  June  1983  to  September  1991. 
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FIGURE  1.2  MEAN  pH  LEVELS  (±S.E.)  FOR  EACH  28  DAY  PERIOD  FOR 

EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES,  1983>1991. 
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Table  1.4  Alkalinity  and  Hardness  (mg  CaC03/L)  for  the  Ford  River. 
Values  are  Means  ±  S.E.,  N  In  Parentheses. 
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FIGURE  1.4  MEAN  HARDNESS  LEVELS  (+S.E.)  FOR  EACH  28  DAY  PERIOD  FOR 
EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES.  1983-1991. 


FIGURE  MEAN  DISCHARGE  LEVELS  (^.E.)  FOR  EACH  28  DAY  PERIOD  FOR 
EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES.  1963-1991. 
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AUGUST 


RGURE  1.6  DAILY  DISCHARGE  MEANS  FOR  EXPERIMENTAL 
(FEX)  AND  CONTROL  (FCO)  SITES  FOR  1991. 
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in  1992.  Alkalinity  at  FCD  was  highly  correlated  with 
alkalinity  at  FEX  both  in  1990-91  (r=0.88,  p<0.01)  and  when 
all  data  since  1983  are  included  (r®0.96,  p<0.0l) .  There 
was  no  significant  difference  between  the  sites  (Table  1.2, 
Table  1.3) .  Hardness  was  even  more  highly  correlated 
between  the  sites,  but  there  was  a  significant  difference 
between  the  sites  (Table  1.2,  Table  1.3).  Hardness  at  FCD 
was  slightly,  but  significantly,  greater  than  at  FEX  (Fig. 
1.4) .  This  increase  may  be  related  to  the  expected 
increase  in  cations  in  a  downstream  direction. 


Conductivity  (Fig.  1.7,  Tadole  1.5)  follows  the  same 
seasonal  pattern  as  alkalinity  (Fig.  1.3)  and  hardness 
(Fig.  1.4),  with  high  conductivities  occurring  in  months 
with  low  flows  and  lower  conductivities  occurring  in  the 
months  with  high  discharge.  Conductivity  values  at  FEX  were 
highly  correlated  (r=0.93,  p<0.01)  with  conductivity  values 
at  FCD  during  1990-91  (Table  1.2)  and  for  all  data 
collected  since  1983  (r*0.92,  p<0.01)  (Table  1.3) .  There 
were  no  significant  differences  between  sites  (Tables  1.2, 
1.3)  . 

Turbidity  (Table  1.5,  Fig.  1.8)  remained  relatively  low 
reflecting  the  excellent  water  quality  of  the  Ford  River. 
Turbidity  at  FEX  was  highly  correlated  with  turbidity  at 
FCD  (r=0.94,  p<0.01),  and  there  were  no  significant 
differences  between  the  two  sites  for  1990-91  (Table  1.2). 
Based  on  the  1983-91  data,  the  sites  were  correlated 
(r=»0.74,  p<0.01)  but  were  significantly  different  at  the 
p<0.05  level  (Table  1.3) 


Nutrient  chemistry  samples  are  frozen  and  analyzed 
during  the  following  winter.  Thus,  data  in  this  annual 
report  do  not  include  data  for  1991. 

Trends  in  total  phosphorus  prior  to  1987  were  not 
obvious  because  of  the  high  variability  of  this  constituent 
(Fig.  1.9),  although  values  appeared  to  be  somewhat  higher 
in  the  winter,  spring,  and  stammer  in  1986  at  FEX  than  they 
were  in  previous  years.  The  data  for  1987-89  were  much  more 
consistent  between  sites  (with  a  few  exceptions)  than  had 
previously  been  the  case.  We  have  no  explanation  for  this 
increase  in  consistency.  In  1990,  values  between  the  two 
sites  returned  to  some  inconsistency  with  FCD  values  being 
higher  than  FEX  values  on  some  occasions  (Table  1.6,  Fig. 
1.9) .  Even  with  the  inconsistencies,  the  concentrations  at 
both  sites  are  relatively  low  and  are  characteristic  of 
values  of  total  P  for  the  eastern  U.S.  reflecting  land  use 
that  is  50  to  90  %  forest  (see  Omernik  1977,  he  placed 
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FIGURE  1.7  MEAN  CONDUCTIVITY  LEVELS  (+S.E.)  FOR  EACH  28  DAY  PERIOD  FOR 
EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES.  1963-1991. 


Table  1.5  Conductivity  (^mhos/cm)  and  Turbidity  (NTU's)  for  the  Ford  River. 
Values  are  Means  ±  S.E.,  N  in  parentheses. 
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FIGURE  1.8  MEAN  TURBIDITY  LEVELS  (♦S.E.)  FOR  EACH  28  DAY  PERIOD  FOR 
EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES,  1983-1991. 
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RGURE MEAN  TOTAL  PHOSPHORUS  CONCENTRATION  {*S.E.)  FOR  EACH 
28  DAY  PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD) 
SITES,  1963-1990. 
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Table  1.6  Soluble  Reactive  Phosphorus  (Jig  P/L)  and  Total  Phosphorus  (^g/L)  for  the 
Ford  River  for  1990.  Values  are  Means  ±  S.E.,N  In  Parentheses. 


Michigan  in  the  eastern  U.S.  region) .  Land  use  in  the  Ford 
River  watershed  is  dominated  by  short  rotation  forestry 
with  Populus  tremuloldes  (quaking  aspen)  being  the 
predominant  forest  species.  Total  P  at  FEX  was  not 
significantly  correlated  with  total  P  at  FCD  in  1990  (Table 
1.7),  as  has  been  the  case  in  all  past  years  except  1987. 
There  were  no  significant  differences  between  the  two  sites 
in  1990  continuing  the  trend  reported  for  the  data  from 
1983  through  1989  (Table  1.8) .  Total  P  is  positively 
correlated  with  organic  N  (r*0.45  for  FEX  and  0.37  for  FCD) 
and  negatively  correlated  with  Si  (r  *  -0.34  and  -0.38  for 
FEX  and  FCD)  (p<0.05) .  These  correlations  are  not  very 
robust  but  are  reasonable,  since  both  total  P  and  organic  N 
are  primarily  associated  with  particulates  which  are 
usually  directly  correlated  with  discharge  while  Si  is 
usually  inversely  correlated  with  discharge. 

Soluble  reactive  phosphorus  (SRP)  consistently  stayed 
below  10  |xg  P/L  except  at  FCD  in  late  1986  (Fig.  1.10, 
Table  1.6) .  There  did  appear  to  be  an  increase  at  FCD  in 
1986  that  did  not  occur  at  FEX  (Fig.  1.10),  but  this 
apparent  trend  towards  increased  P  at  the  control  site  has 
not  occurred  again  for  data  collected  through  1990.  In 
fact,  there  has  been  no  significant  difference  in  SRP 
between  FCD  and  FEX  since  1986,  and  SRP  at  FCD  has  been 
highly  correlated  with  SRP  at  FEX;  this  trend  continued  in 
1989-90  (Table  1.7)  and  reflects  the  trend  overall  when 
data  from  1983  through  1990  are  analyzed  (Table  1.8).  The 
increased  SRP  values  in  late  1986  may  be  a  delayed  response 
to  the  1985  forest  clearcut,  discussed  in  the  following 
paragraph.  As  with  total  phosphorus,  soluble  reactive 
phosphorus  has  been  more  consistent  between  the  sites  since 
1986,  although  some  inconsistencies  occurred  in  the  spring 
of  1989  and  in  December  1990  (Fig.  1.10).  The  SRP  values 
for  FEX  and  FCD  (Fig.  1.10,  Table  1.6)  were  characteristic 
of  values  for  land  that  is  50  to  90  %  forested  according  to 
Omernik  (1977) . 

Nitrate-N,  nitrite-N,  and  ammonium-N  values  have  been 
reasonably  similar  at  FEX  and  FCD  since  1983,  and  this 
trend  continued  in  1989-90  (Figs.  1.11,  1.12,  1.13,  Table 
1.9).  There  was  a  divergence  in  nitrate-N  values  between 
the  two  sites  in  1985  (Fig.  1.11),  but  nitrate-N  was 
comparable  for  other  time  periods.  One  possibility  for 
this  difference  is  that  leaching  occurred  from  a  small  area 
of  forest  just  upstream  of  FCD  that  was  clearcut  in  1985. 
This  forest  practice  is  known  to  lead  to  high  nitrate 
losses  in  the  first  year  or  so  after  cutting  for  some 
northern  hardwoods  forests  similar  to  the  forests  along  the 
Ford  River  (Bormann  and  Likens  1979,  Vitousek  et  al.  1982) . 
In  order  to  better  document  the  effect  of  watershed  changes 
on  nutrient  losses,  we  are  in  the  process  of  preparing  an 
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Table  1.7  Results  of  Paired  t-tests  and  correlations  between  Experimental  (FEX) 
and  Control  (FCD)  sites  for  nutrient  chemistry  parameters  for 
1989-1990. 
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Chloride  10  4.285  p  <  0.01  0.847  p  <  0.05 


Table  1.8  Results  of  Paired  t-tests  and  correlations  between  Experimental  (FEX) 
and  Control  (FCD)  sites  for  nutrient  chemistry  parameters  from 
June  1983  to  September  1990. 
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SOLUBLE  REACTIVE  P  (UG  P/L)  SOLUBLE  REACTIVE 


FIGURE  1.10  MEAN  SOLUBLE  REACTIVE  PHOSPHORUS  CONCENTRATION  (♦S.E.) 

FOR  EACH  28  DAY  PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL 
(FCD)  SITES,  1983-1990. 
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NITRATE  N  (UG  N/L) 
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RGURE  1.11  MEAN  NITRATE-N  CONCENTRATION  (<^S.E)  FOR  EACH  28  DAY 
PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCO)  SITES, 
1963-1990. 
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RGURE  1.12  MEAN  NITRITE-N  CONCENTRATION  (^.E.)  FOR  EACH  28  DAY 

PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES, 
1983-1990. 
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FIGURE  1.13  MEAN  AMMONIUM  CONCENTRATION  (+S.E.)  FOR  EACH  28  DAY 
PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES, 
1983-1990. 


Table  1.9  Ammonium  (pig  N/L)  ,Nltrate-N  (jlg  N/L)  and  Nitrite-N  (Jig  N/L)  for  the 
Ford  River  for  1990.  Values  are  Means  ±  S.E.,  N  In  parentheses. 
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analysis  of  land  use  changes  in  the  watershed  using  aerial 
photographs  and  a  geographic  information  system.  Base  maps 
have  been  prepared  and  overlays  of  land  use  changes  are 
currently  being  prepared.  Nitrate  is  the  predominant  form 
of  inorganic  nitrogen  present  in  the  Ford  River.  Thus, 
calculation  of  inorganic-N  from  the  three  components  (Figs. 
1.11,  1.12,  1.13)  results  in  trends  for  inorganic-N  very 
similar  to  those  for  nitrate-N  (Fig.  1.14,  Table  1.10). 

The  patterns  for  inorganic-N  and  nitrate-N  generally  follow 
the  pattern  of  mid-summer  lows  and  winter  highs  described 
for  nitrate  for  northern  hardwood  forests  by  Bormann  and 
Likens  (1979) .  These  values  are  characteristic  of  values 
for  streams  in  the  eastern  U.  S.  that  are  50  to  90  % 
forested  (Omernik  1977) . 

Inorganic-N  values  were  not  significantly  different 
between  the  two  sites  in  1989-90  (Table  1.7) . 

Concentrations  of  inorganic-N  and  nitrate-N  at  "EX  were 
significantly  correlated  to  concentrations  at  -D  (Table 

1.7)  .  In  1985-87,  nitrate-N  concentrations  were 
significantly  different  between  the  two  sites.  This  has 
not  occurred  since  1988  and  did  not  occur  in  1989-90  (Table 

1.7) ,  probably  indicating  a  return  to  the  patterns  and 
levels  exhibited  prior  to  the  1985  ■:learcutting  discussed 
above  (Fig.  1.11).  Ammonium-N  and  Nitrite-N  also  exhibited 
strong  inter-site  correlations  in  1989-90  with  no 
significant  differences  between  sites  (Tables  1.7, 

1.8)  (Note  that  there  is  an  overall  difference  in  nitrite 
from  1983-90  (Table  1.8)  related  primarily  to  large 
differences  between  the  sites  in  1986  (Fig.  1.12)). 

Nitrite  levels  have  always  been  near  limits  of  detection  as 
is  expected  for  unpolluted  water. 

Organic  nitrogen  at  FEX  was  slightly  but  significantly 
different  from  organic-N  at  FCD  prior  to  1987  (Fig.  1.15), 
but  these  differences  disappeared  after  1987  (Fig.  1.15, 
Table  1.10) .  In  1989-90,  there  were  no  significant 
differences  between  FEX  and  FCH)  (Table  1.7),  but  the 
differences  beween  sites  prior  to  1987  resulted  in  overall 
differences  when  all  data  were  compared  for  1983-1990 
(Table  1.8).  As  was  true  for  inorganic-N,  total  P,  and  SRP 
values,  organic-N  values  were  characteristic  of  streams 
draining  areas  of  the  eastern  U.  S.  that  are  50  to  90  % 
forested  (Omernik  1977) . 

There  were  significant  differences  for  silicate-Si 
between  FEX  and  FCD  in  1989-90  with  FEX  having  slightly 
higher  Si  concentrations  during  1990  (Tables  1.7,  1.11, 

Fig.  1.16) .  There  had  been  no  significant  differences 
between  the  sites  in  previous  years  (Table  1.8),  probably 
due  to  higher  standard  errors  for  each  28  day  period  in 
previous  years  (Fig.  1.16).  Concentrations  at  FEX  were 
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FIGURE  1.14  MEAN  INORGANIC  NITROGEN  CONCENTRATION  {*S.E.)  FOR  EACH 
28  DAY  PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD) 
SITES,  1983-1990. 
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RGURE  1.15  MEAN  ORGANIC  NfTROGEN  CONCENTRATION  (-fS-E)  FOR  EACH 
28  DAY  PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL 
(FCD)  SITES,  1963-1990. 
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Table  1.11  Dissolved  Silica  (mg  Si/L)  and  Chloride  (tog  Cl/L)  for  the  Ford  River  for  1990. 
Values  are  Means  ±  S.  E.«  N  in  Parentheses. 
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RGURE  1.16  MEAN  SlUCATE  CONCENTRATION  (^.E)  FOR  EACH  28  DAY 

PERIOD  FOR  EXPERIMENTAL  (FEX)  AND  CONTROL  (FCD)  SITES, 
1983-1990. 
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significeuitly  related  to  concentrations  at  FCD  (Table  1.7) 
as  had  been  the  case  In  all  previous  years  (Table  1.8). 
Overall,  concentrations  have  remained  relatively  constant 
throughout  most  of  each  year  studied  at  about  7  to  9  mg 
Si/L,  except  during  periods  of  dilution  that  have  occurred 
during  high  flows  in  J^ril  or  May  each  year  and  during 
other  periods  of  high  discharge  (Fig.  1.16,  1.5,  1.6). 

Chloride  at  FEX  was  significantly  different  from 
chloride  at  FCD  in  1989-90  (and  in  all  previous  years 
except  1987)  (Table  1.7,  1.8,  1.11,  Fig.  1.17).  Values  for 
the  two  sites  were  significantly  correlated  in  1989-90 
(Table  1.7),  as  they  had  been  in  previous  years. 
Concentrations  of  Cl  have  been  slightly  higher  at  the 
upstream  site  (FEX)  for  most  years  of  the  study  than  they 
have  been  at  the  downstream  site  (FCD)  (Fig  1.17).  This 
gradient  may  indicate  some  slight  residual  effects  of 
chloride  inputs  from  road  salting  near  Channing,  MI  with 
dilution  of  these  inputs  in  a  downstream  direction. 

However,  concentrations  even  at  the  upstream  (FEX)  site  are 
not  much  higher  than  one  would  expect  from  rainwater  and 
are  certainly  much  lower  than  any  concentration  Icnown  to 
cause  problems  for  fish  or  other  aquatic  organisms  (McKee 
and  Wolf  1963) . 

C.  Physical  and  Meteorological  Parameters 


The  primary  physical  parameters  monitored  include  air 
and  water  temperature,  above  and  below  water 
photosynthetically  active  radiation  (PAR) ,  and  stream 
discharge.  These  data  are  automatically  logged  at  30 
minute  intervals  from  mid-April  through  the  end  of  October. 
Almost  no  data  are  available  from  the  winter  months. 

Solar  radiation  (PAR)  was  highly  variable  using  the  30 
minute  interval  data  (Fig.  1.18) .  An  integrating 
instrument  would  have  provided  more  useful  data  but  was  not 
included  in  our  original  equipment  list.  Our  28  day 
siommaries  have  been  calculated  as  an  average  of  the  30 
minute  PAR  values  for  the  period  from  1000  to  1400  hours 
daily  (Fig.  1.18) .  These  data  from  the  experimental  site 
(FEX)  are  characteristic  of  data  from  both  sites.  Prior  to 
1990,  we  have  a  good  record  of  PAR  value  at  FEX,  but  a 
in  above  water  PAR  data  at  FCD  does  exist.  The  above  wat ir 
PAR  data  for  FEX  has  been  taken  in  an  open  area  next  to  the 
river  that  is  shaded  only  during  early  morning  and  late 
afternoon  hours.  FEX  data  are  used  for  both  sites  in 
correlations  of  above  water  solar  PAR  with  biological 
parameters  such  as  algal  productivity.  Since  data  are 
collected  in  an  open  area,  the  only  difference  between 
sites  should  be  related  to  differential  cloudiness.  These 
differences  are  not  likely  to  be  very  large.  This  approach 
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FIGURE  1.10  MEAN  SOLAR  RADIATION  (♦S.E.)  BETWEEN  10:00  AND  14.-00  FOR  EACH  28  DAY  PERIOD  FOR 
EXPERIMENTAL  (FEX)  SITE,  1903-91.  DATA  FOR  1990  ABOVE  HAVE  BEEN  CONVERTED 
BASED  ON  FCD  DATA  (SEE  TEXT  FOR  DETAILS). 


results  in  data  for  each  28  day  period  for  open,  unshaded 
areas  of  the  river.  While  the  diatom  sites  at  both  FEX  and 
FCD  are  selected  to  be  as  open  as  possible,  this  approach 
overestimates  actual  PAR  received.  Underwater  PAR  is  also 
monitored  near  the  ambient  monitoring  station  rather  than 
directly  at  the  level  of  the  diatom  collectors.  In  both 
instances,  above  and  below  water  PAR  can  only  serve  as 
indices  of  actual  PAR  received  at  the  river  surface  abo've 
the  diatom  collectors  and  underwater  at  the  the  collectors 
rather  them  as  actual  measurements  of  PAR  exposure 
received.  No  actual  exposure  data  exists  due  to  cable 
limitations  (the  cables  that  link  the  solar  probes  to  the 
data  pods  are  not  long  enough  to  obtain  actual 
measurements) .  We  have  used  FEX  data  in  most  years  as  an 
index  of  PAR  exposure  at  both  sites.  In  1990,  the  FEX 
above  water  solar  probe  failed,  and  we  used  a  conversion 
factor  of  0.723  to  convert  FCD  data  to  an  estimate  of  what 
FEX  data  would  have  been  (this  conversion  factor  was 
developed  in  1989  using  data  collected  at  the  same  time  at 
both  sites  (Fig.  1.19)). 

Aii  and  water  temperature  have  been  monitored  since 
1983  and  are  available  as  needed.  The  water  temperatures 
for  1991  are  typical  (Fig.  1.20,  1.21)  of  data  over  the 
growing  season  with  temperatures  rising  rapidly  from  at  or 
near  zero  under  ice  to  5  to  10°  C  before  our  monitoring 
stations  are  installed.  Temperature  continues  to  rise  to 
mid-summer  highs  from  mid-June  through  mid-August  followed 
by  cooling  to  about  12®  C  at  the  end  of  our  reporting 
season.  On  subsequent  monthly  sampling  trips  from  November 
through  April,  stream  temperatures  are  at  or  near  zero. 

The  average  temperature  data  for  the  28  day  exposure 
periods  for  the  benthic  algal  sampling  are  s\ammarized  in 
Fig.  1.21.  These  data  illustrate  that  average  summer 
temperatures  have  been  less  than  20®  C  for  every  summer 
except  1983  and  1988  with  1988  attaining  the  highest 
average  temperatures  since  the  start  of  the  study.  The 
temperatures  experienced  in  1991  were  lower  than  those  of 
1988  but  still  reflect  the  recent  trend  of  low  flows  (Fig. 
1.5)  and  high  temperatures  of  the  past  few  years. 

Stream  discharge  data  have  already  been  presented  for 
the  28  day  benthic  algal  exposure  periods  (Fig.  1.5)  and 
for  mean  daily  values  for  1991  (Fig.  1.6) .  However,  the 
first  three  years  of  these  data  were  calculated  from  actual 
discharge  measurements  taken  with  current  meters  once  or 
twice  per  week.  Initially,  data  were  logged  on 
Omnidatapods  using  modified  Stevens  Type  F  recorders. 

These  data  had  to  be  converted  to  discharge  using  two 
regressions.  The  first  related  electrical  output  from  the 
recorders  to  the  datapods  to  actual  water  depth.  The 
second  related  water  depth  to  discharge  using  a  standard 
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P.A.R.  (MICR0EINSTEINS/SEC/M2) 


RGURE  1.19  MEAN  SOLAR  RADIATION  (4S.E.)  BETWEEN  10:00  AND  14.-00 
FOR  EACH  28  DAY  PERIOD  FOR  EXPERIMENTAL  (FEX)  AND 
CONTROL  (FCD)  SITES,  1989. 
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FIGURE  1.20  DAILY  WATER  TEMPERATURE  MEANS  FOR  EXPERIMENTAL 
(FEX)  AND  CONTROL  (FCD)  SITES  FOR  1991. 


61 


FCD 

FEX 


M  AON 
M  IDO 
99  d38 

99  onv 

9t  inr 
M  Nnr 
99  AVN 
98  HdV 
98  UVN 
98  aad 
98  ZNVr 
88  INVr 
98  030 
98  AON 
98  IDO 
98  d38 

98  onv 
98  nnr 
98  nnr 
98  Nnr 
98  AVN 
98  UdV 
98  UVN 
98  a3d 

98  NVr 

99  030 

98  AON 
P9  IDO 

99  d38 
98  onv 
98  nnr 
98  nnr 
98  Nnr 

98  AVM 
98  BdV 

98  avn 

98  a3d 
98  NVr 
C8  030 
€8  AON 
88  XOO 
88  d38 

88  onv 
88  inr 
88  Nnr 
88  AVN 


16  d3S 

1.6 

onv 

16 

inr 

i6 

Nnr 

i6 

AVN 

16 

HdV 

16 

UVN 

16 

Nvr 

flc 

06 

030 

9 

06 

z  jLoor 

06 

06 

I.  loog 

d3S  m 

9 

06 

onv 

UJ 

S 

06 

inr 

a. 

A 

06 

06 

Nnr 

AVN 

>• 

s 

8 

o> 

06 

UdV 

8 

(d 

06 

UVN 

Ul 

06 

68 

Nvr 

030 

z 

o 

< 

b 

CO 

68 

z  lOOU 

S 

68 

i  looe 

o 

II 

68 

d38 

g 

68 

onv 

Q 

68 

inr 

ui 

oc 

68 

Nnr 

w 

b 

68 

AVN 

z 

o 

68 

UdV 

Ul 

o 

68 

UVN 

oc 

a 

o 

68 

a3d 

P 

z 

88 

88 

030 

lOO 

Ul 

< 

S 

88 

Z  d3S 

a 

Ul 

1^ 

88 

88 

1  d3S 

onv 

S 

lii 

< 

88 

inr 

oc 

b 

88 

88 

Nnr 

AVN 

S 

Ul 

s 

88 

a3d 

£ 

£9 

030 

z 

Ul 

£9 

XOO 

< 

o. 

19 

d3S 

Ul 

Ul 

19 

onv 

2 

19 

inr 

19 

Nnr 

19 

AVN 

UJ 

19 

UdV 

OC 

19 

UVN 

z 

C9 

19 

a3d 

w 

Sl 

19 

Nvr 

99 

u 

Ul 

o 

O  S33U03a) 
3UniVH3dN31  U31VM 


O  S33U03a) 
3UniVU3dW31  U31VM 


depth-discharge  regression.  The  first  of  these  regressions 
changed  any  time  the  float  line  was  set  to  a  different 
position  on  the  float  wheel.  Thus,  retrieval  and 
conversion  of  these  data  proved  to  be  quite  a  chore.  We 
have  not  yet  completed  this  task.  In  1986,  this  system  was 
abandoned  and  the  simple  but  effective  strip  chart  recorder 
has  been  used  since.  Data  on  mecun  daily  flows  are 
currently  available  for  all  years  since  1986. 

Stream  velocities  were  measured  at  all  four  periphyton 
sites  from  September,  1990  to  September,  1991  (Figure 
1.22) .  These  data  aided  in  the  placement  of  periphyton 
samplers,  so  that  all  slides  were  exposed  to  similar  flow 
regimes.  Except  for  several  high  discharge  dates  during 
the  year,  water  velocities  were  within  an  average  of  four 
cm/sec  of  one  another  at  all  four  sites. 

We  have  used  data  from  the  National  Weather  Service's 
nearest  stations  at  Crystal  Falls  and/or  Iron  Mountain,  MI 
to  calculate  the  time  that  has  lapsed  between  the  time  of 
removal  from  the  river  of  each  set  of  28  day  benthic  algal 
samples  and  the  time  since  the  last  major  precipitation 
event.  Our  hypothesis  that  scour  of  algal  biomass  from  the 
slides  during  large  storms  was  having  a  major  impact  on 
some  of  the  parameters  measured  for  the  periphyton  task  was 
not  supported  by  the  data.  Since  Crystal  Falls/Iron 
Movintain  data  may  not  be  precise  for  the  Ford  River,  we 
have  collected  supplemental  rainfall  data  for  each  site  for 
the  last  several  summers  (Fig.  1.23)  and  will  include  these 
data  in  future  regressions  and  correlations. 

Exposure  to  ELF  electromagnetic  radiation  is  an 
important  parameter  used  in  covariate  analyses.  Data  on  28 
day  cumulative  earth  electric  field  exposure  (Figs.  1.24, 
1.25)  and  cumulative  magnetic  flux  exposure  (Figs.  1.26, 
1.27)  were  used  in  the  covariate  analyses  reported  in 
siJbsequent  elements  of  this  report. 

D .  Summary 

Data  for  all  chemical  and  physical  parameters 
demonstrated  that  the  experimental  and  control  sites  were 
very  well  matched.  For  the  majority  of  the  parameters, 
there  were  no  significant  differences  between  sites.  When 
significant  differences  did  occur  between  the  chemical 
constituents,  they  usually  involved  a  slight  increase  in  a 
downstream  direction.  This  trend  of  slight  increase  from 
the  upstream  site  to  the  downstream  site  for  hardness, 
alkalinity,  nitrate,  and  orgeinic  nitrogen  may  be  related  to 
an  expected  accumulation  of  dissolved  load  in  a  downstream 
direction  or  to  local  land  use  differences  between  sites. 
Whatever  the  cause,  the  differences  were  small  and  probably 
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FIGURE  1.22  WATER  VELOCITIES  AT  PERIPHYTON  SAMPLERS  FOR  1990-1991. 
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2B-DAY  CUMULATIVE  EARTH  ELECTRIC 
FIELD  EXPOSURE  (mV) 
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28-DAY  CUMULATIVE  MAGNETIC 
FLUX  EXPOSURE  ImQ) 


(A) 


ooooooooooo 


FIGURE  1.27  28-OAY  CUMULATIVE  MAGNETIC  FLUX  EXPOSURE  DATA  FOR 
FEX-N  AND  FCO-N  SITES.  1990;  (A)  UNTRANSFORMED 
EXPOSURE  DATA.  (B)  LOG  TRANSFORMED  EXPOSURE  DATA. 
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would  not  lead  to  significant  inter-site  differences  in 
productivity.  We  initiated  experiments  in  1987  to 
determine  the  impact  of  N  and  P  inputs  on  the  algal 
community.  Both  had  to  increase  before  significant  changes 
in  the  algal  community  occurred.  Clearly,  no  such  shift  in 
N  and  P  has  occurred. 

Dissolved  oxygen  was  only  slightly  below  saturation  at 
both  sites  but  was  slightly  but  significantly  higher  at  FEX 
than  it  was  at  FCD.  This  is  consistent  with  all  previous 
years  except  1988. 

Chloride  also  was  slightly  but  significantly  higher  at 
FEX  than  it  was  at  FCD.  This  difference  might  reflect  a 
slight  amount  of  road  salt  influence  from  Highway  M-95  at 
Channing,  MI  that  is  diluted  in  a  downstream  direction. 

This  difference  between  the  two  sites  did  not  occur  in 
1988.  Even  at  FEX,  chloride  levels  were  only  slightly 
higher  than  typical  rainfall  values.  Thus,  chloride  should 
have  little  effect  on  the  biota  at  either  site. 

Chemical  and  physical  parameters  for  FEX  and  FCD 
demonstrated  that  these  two  sites  were  very  similar  with 
significant  differences  between  sites  showing  up  for  less 
than  one-third  of  the  parameters  monitored  prior  to  1990. 
The  differences  that  did  occur  were  slight  and  should  have 
little  impact  on  site  productivity. 
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Changes  from  workplan  -  The  winter  sampling  schedule  for  the 
biological  parameters  was  changed  from  monthly  (28  days)  to 
bimonthly  sample  collection  In  October  1987  resulting  In 
three  winter  data  sets.  This  routine  was  changed  to  once 
every  6  weeks  for  the  winters  of  1988-89,  1989-90,  and  1990- 
91  to  provide  an  additional  winter  data  set.  This  additional 
data  set  proved  necessary  because  of  our  current  approach  of 
analyzing  the  data  on  both  an  annual  and  summer/wlnter  basis. 

The  chlorophyll  a  to  phaeophytln  a  ratio  was  eliminated 
after  the  1988-89  reporting  year.  It  was  reported  in  the 
past  as  an  Indicator  of  the  physiological  health  of  the  algal 
community.  The  high  vari2d3ilities  encountered  in  this  index 
made  Its  usefulness  In  detection  of  ELF  effects  questionable. 

Two  new  monitoring  sites  for  this  element  were  added  In 
May,  1990  to  increase  the  magnitude  of  the  difference  in  ELF 
exposure  between  our  control  (FCD)  auid  experimental  (FEX) 
sites  (See  Fig.  VII. 1  for  site  locales).  The  ELF  exposure 
rate  at  FEX  xinder  full  antenna  power  is  61  mV/m  resulting  in 
an  exposure  that  is  only  5.0  times  greater  than  the  exposure 
rate  of  12.3  mV/m  at  FCD.  This  difference  is  below  the 
desired  10  fold  difference  in  exposure  rate  called  for  at  the 
beginning  of  this  study.  Two  new  sites  (FCD-N  and  FEX-N, 
corresponding  to  IITRI  designations  5C1-7  and  5T2-7 
respectively)  were  added  on  May  15,  1990.  The  exposures  of 
7 . 9mV/m  at  FCD-N  and  85mV/m  at  FEX-N  result  in  a  10.8  fold 
difference  in  exposure  between  the  two  sites  (FEX-N/FCD-N  • 
10.8) .  FCD-N  is  about  130  m  downstream  of  FCD  and  FEX-N  is 
about  40  m  downstream  of  FEX  (about  10  m  downstream  of  the 
point  where  the  euntenna  crosses  the  river)  .  Note  that  our 
FEX-N  site  is  within  5  m  of  FEX-Line,  the  new  site  used  for 
insect  studies.  The  insect  FCD  site  has  also  been  moved  to 
within  10-15  m  of  our  own  FCD-N  site. 

In  order  to  maintain  continuity  in  the  data  base  for 
making  before  and  after  comparisons,  we  continued  to  collect 
data  from  the  original  sites  at  FCD  and  FEX.  We  will 
continue  to  collect  data  from  the  original  sites  as  well  as 
from  the  two  new  sites  until  the  end  of  the  study.  The  use 
of  the  original  sites  and  the  new  sites  together  will  allow 
us  to  compare  results  along  a  gradient  of  exposures  to  ELF 
electromagnetic  radiation  ranging  from  background  to  an 
intermediate  5  fold  increase  in  ELF  exposure  and  to  a  high 


of  a  10.8  fold  increase  in  ELF  exposure  within  10  m  of  the 
antenna  crossing.  This  year  we  have  presented  all  data 
collected  (June  1990  to  present)  at  each  of  the  new  sites 
and  have  analyzed  the  new  data  using  paired  t-tests.  The 
additional  person  hours  required  to  monitor  all  four  sites 
were  available  because  of  the  elimination  of  the  study  of 
periphyton-grazer  interactions  in  Element  3 . 


Obigctives 

The  objectives  of  the  periphytic  algal  studies  are: 

(1)  to  monitor  any  changes  in  chlorophyll  &  and 
organic  matter  accrual  rates  and  stemding  crops  as 
a  result  of  ELF  electromagnetic  fields, 

(2)  to  determine  algal  cell  volumes  as  an  index  of 
physiological  stress  in  periphytic  algal  cells 
that  might  occur  as  a  result  of  ELF  electromagnetic 
fields . 

(3)  to  quantify  any  changes  in  species  diversity, 
species  composition,  species  evenness,  and  cell 
density  that  occur  as  a  result  of  ELF 
electromagnetic  fields,  and, 

(4)  to  quantify  any  changes  in  primary 
productivity  that  might  occur  as  a  result  of  ELF 
electromagnetic  fields. 

Rationale 

Structural  Community  Indices:  Shifts  in  community 
composition  of  the  attached  algae  provide  a  sensitive 
measure  of  changes  in  water  quality  (e.  g.  APHA  1980,  Blum 
1956,  Patrick  1966,  1978) .  Introduction  of  pollutants  often 
results  in  the  reduction  in  numbers  of  individuals  of 
sensitive  algal  species,  increases  in  numbers  of  individuals 
of  tolerant  species,  or  the  replacement  of  some  species 
currently  in  the  community  with  different  species .  These 
changes  usually  result  in  differences  in  species  evenness 
(the  number  and  distribution  of  individuals  within  the 
community)  and  richness  (number  of  species  within  the 
community)  leading  to  changes  in  species  diversity  (the 
informaticn  index  that  is  a  composite  measure  of  richness 
and  evenness)  of  the  attached  algal  community.  Since  diatoms 
comprise  more  than  90  %  of  the  attached  algal  community  in 
the  Ford  River,  our  hypothesis  is  that  shifts  in  the  species 
composition  of  the  attached  diatom  community  will  be  a 
sensitive  indicator  of  any  effects  of  ELF  electromagnetic 
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radiation  on  the  algal  community.  Thus,  we  are  using  the 
Shannon- Wiener  species  diversity  index,  an  evenness  index, 
and  measurements  of  species  percent  dominance  for  between 
site  comparisons  of  attached  diatom  communities  to  detect 
subtle  shifts  in  species  composition  that  may  occur  as  a 
result  of  ELF  radiation.  The  diatom  community  which 
develops  on  exposed  glass  slides  may  consist  of  as  many  as 
50-70  species  on  a  single  slide  out  of  an  estimated  species 
pool  for  the  Ford  River  of  over  350  species.  Changes  in 
species  abundance,  species  diversity,  and  species  evenness 
of  this  commxinity  provide  sensitive  and  statistically 
measurable  parameters  against  which  to  measure  seasonal 
variation,  site  variation,  yearly  variation  and  potential 
ELF  effects. 

In  addition  to  studying  the  species  composition  of  the 
attached  diatoms,  we  are  examining  the  relatively  simple 
parameter  of  overall  cell  density.  This  directly  determined 
density  measur-’  represents  the  numerical  end  product  of 
species  succession  auid  abundance  or  dominance  shifts  by 
individual  species  in  the  attached  algal  community,  and  also 
includes  the  effects  of  physical  environmental  factors.  The 
use  of  cell  density,  which  is  affected  by  both  biological 
and  physical  factors,  may  reveal  changes  due  to  ELF  effects. 
This  single  parameter  is  also  a  very  importcmt  correlate 
with  other  estimates  of  production,  such  as  chlorophyll  a, 
or  organic  matter  accrual.  This  labor  intensive  direct 
counting  procedure  is  the  yardstick  against  which  other 
production  estimates  are  often  compared  and  should  help 
separate  potential  ELF  induced  effects  from  other  biological 
or  physical  influences. 

Functional  Community  Indices:  Measurement  of  the 
amounts  of  chlorophyll  a,  the  primary  photosynthetic  pigment 
used  by  all  algae,  provides  both  quantitative  and 
qualitative  comparisons  between  sites.  The  quantity  of 
chlorophyll  a  present  can  be  directly  measured  through  the 
intensity  of  its  fluorescence  and  can  be  correlated  with 
cell  density  and  individual  average  cell  volume  to  indicate 
the  relative  or  qualitative  physiological  state  of  the  algal 
community.  Subtle  effects  of  ELF  electromagnetic  fields  on 
the  photosynthetic  pigment  may  result  in  a  general 
physiological  weakening  of  individual  cells.  This  weakening 
may  be  observed  as  a  decrease  in  the  total  quantity  of 
chlorophyll  a  present,  as  well  as  a  reduction  the  amount  of 
oxygen  generated  through  photosynthesis.  The  photosynthetic 
rate  of  the  attached  algae  is  monitored  at  both  sites 
throughout  the  summer.  This  is  a  labor  intensive  task  and 
is  only  feasible  during  the  summer  months  when  the  entire 
field  crew  is  at  the  research  site. 
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This  multiple  approach  of  methodologies  couples  direct 
determinations  of  quantities  of  pigments  present  with  direct 
measurements  of  oxygen  levels  produced  by  that  pigment. 

Thus,  these  parameters  allow  statistical  comparisons  of 
production  between  sites  throughout  the  year.  Utilizing 
several  different  approaches  allows  us  to  continue  analyses 
at  times  when  we  must  rely  on  single  approaches  due  to 
weather  or  labor  constraints.  For  example,  measuring 
chlorophyll  a  and  organic  matter  accrual  directly  during 
winter  provide  estimates  of  production  when  the  more 
detailed  production  studies  of  photosynthetic  rates  are  not 
feasible. 

In  1986  and  1987,  we  investigated  a  new  statistical 
procedure  defined  by  Stewart-Oat'o  at  al  (1986)  to  determine 
the  suitability  of  this  technique  for  analyses  of  the  kinds 
of  structural  community  indices  that  we  were  examining  on 
the  Ford  River.  The  analysis,  referred  to  as  the  BACI  test, 
was  demonstrated  in  the  1986  annual  report  to  illustrate  the 
technique  and  to  see  if  it  would  be  useful  for  significance 
testing  on  single  species  population  abundances.  In  1987,  we 
continued  our  investigations  into  the  use  of  the  BACI 
analysis  for  functional  indices,  particularly  chlorophyll  a 
and  AFDW-biomass .  We  used  the  method  in  1988  to  examine 
seasonal  variations  of  each  of  the  biological  pararaeters 
from  1983  to  1988.  Since  1989,  we  have  continued  uhe  BACI 
analysis  by  adding  additional  data  to  the  previous 
comparisons  and  have  expanded  the  analysis  to  include: 
accrual  rates,  photosynthesis/respiration  studies  and 
abundances  of  rare  algal  species.  This  analysis  has  proved 
to  be  quite  informative  and  is  continued  for  1991.  In  1990, 
we  introduced  fiandomized  intervention  ^alysis  (RIA)  as  an 
additional  means  of  analyzing  biological  and  diatom 
abundance  data.  Based  on  the  similar  results  obtained  last 
year  using  both  RIA  and  the  BACI  analysis,  we  have  limited 
our  current  use  of  RIA  to  those  biological  parameters  which 
failed  to  meet  all  assumptions  required  for  the  BACI 
analysis,  or  for  significamt  inter-site  comparisons  found 
using  the  BACI  analysis. 

Our  rationale  has  been  to  provide  multiple  data  sets 
taken  independently  to  be  used  in  determinations  of 
structural  and  functional  indices.  By  incorporating  several 
methodologies,  we  hope  to  detect  and  separate  any  "real" 
differences  as  a  result  of  ELF  electromagnetic  radiation 
from  either  background  variability  or  errors  associated  with 
a  reliance  on  a  single  method  of  data  collection  or 
analysi s . 
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Materials  and  Methods 


Plexiglass  slide  racks  were  designed  to  hold  8  or  10 
standard  7.6  x  2.5  cm  glass  slides  in  a  vertical  placement 
oriented  facing  the  current  in  the  river.  These  slide  racks 
were  fastened  to  bricks  and  placed  in  riffle  habitats  at 
the  control  (FCD,  FCD-N)  and  experimental  sites  (FEX,  FEX- 
N) .  Slides  were  removed  after  14  days  for  chlorophyll  a  and 
AFDW-organic  matter  accrual  rates  and  after  28  days  (62  or 
63  days  during  winter  1987  and  42  days  during  the  winters  of 
1988,  1989  and  1990)  for  species  composition  and  cell  count 
determinations,  chlorophyll  a,  and  AFDW-organic  matter 
standing  crop  determinations.  Ten  slides  per  site  were  used 
for  each  determination,  except  that  this  nixnber  was 
increased  to  25  during  the  winters  starting  in  1987. 

For  species  composition,  cell  counts,  and  cell  volume 
determinations,  5  slides  were  removed  on  each  sampling 
period  from  each  habitat.  Three  slides  were  air  dried  and 
the  other  two  were  placed  in  a  mixture  of  6  parts  water,  3 
parts  95%  ethanol  and  1  part  formalin  (6:3:1  solution). 

These  numbers  were  doubled  during  winter  sampling  starting 
in  1987.  The  air  dried  slides  were  later  scraped  in  the  lab 
with  razor  blades  to  remove  the  diatoms  for  further  specimen 
cleaning  and  slide  preparation.  The  slides  preserved  in  the 
6:3:1  solution  will  be  used  to  determine  species  composition 
of  non-diatom  algae  should  this  prove  necessary.  Preliminary 
comparisons  have  indicated  that  non-diatom  algae  comprise  a 
minor  component  of  the  algal  community  in  the  Ford  River. 
Thus,  we  have  chosen  to  emphasize  studies  of  diatoms. 

Slides  were  prepared  for  specimen  identification  by 
cleaning  the  diatoms  removed  from  the  exposed  glass  slides 
in  concentrated  hydrogen  peroxide  (30%)  followed  by  further 
oxidation  of  the  cellular  contents  with  the  addition  of 
small  amounts  of  potassium  dichromate  (Van  der  Weff  1955) . 
The  cleaned  diatoms  were  then  rinsed  with  distilled  water 
and  settled  in  graduated  cylinders.  The  final  volume  of 
concentrate  containing  the  cleaned  diatom  frustules  was  then 
measured  and  1  ml  subsamples  pipetted  onto  22  mm^ 
coverslips,  until  an  adecjuate  counting  density  was  achieved. 
The  coverslips  were  air  dried  and  permanently  mounted  on 
glass  slides  using  Hyrax  medium. 

Counting  to  determine  diatom  density  calculations,  and 
species  determinations  was  done  at  1250X  magnification  on  a 
Zeiss  microscope  equipped  with  phase  contrast  illumination 
and  an  oil  immersion  lOOX  Neofluar  phase  objective  with 
numerical  aperture  of  1.30.  Transects  were  taken  moving 
across  the  coverslip  until  approximately  500  frustules  were 
counted.  Estimates  of  diatom  densities  were  then  calculated 
from  these  quantitative  samples  via  the  equation: 
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fValvaa  roun^adi (Araa  Covarallo) (Voluma  Concentrate) 

Cells  2  (Area  Transect)  (Voluate  Subsaa^le)  (Area  Sampled) 

Diatom  species  con^iositlon  was  recordea  xor  each  slide 
counted  for  determination  of  species  richness,  diversity 
(H')  using  the  Shannon-Wiener  formula  (Southwood  1978; 
chosen  for  its  more  universal  use  and  acceptance  than  other 
more  obscure  diversity  indices),  species  evenness 
(J')(Pielou  1969,  p.233),  and  dominance.  Cell  volume 
measurements  were  taken  by  measuring  lengths,  widths  and 
depths  and  recording  shapes  of  dominant  diatoms  for 
calculation  of  cell  voliime  based  on  geometric  formulae. 

Analyses  for  chlorophyll  a  followed  the  fluorometric 
determination  described  in  Method  1003C  in  Standard  Methods 
(APHA  1980) .  All  samples  were  analyzed  within  a  month  of 
collection.  Initial  analyses  suggested  no  differences  in 
these  parameters  whether  or  not  the  samples  were  ground 
first  with  a  tissue  homogenizer  to  facilitate  cellular 
rupture.  Therefore,  this  step  was  eliminated.  Slides  were 
collected,  frozen  for  at  least  24  hours  to  promote  cell 
rupture,  and  then  pigments  extracted  in  90%  buffered 
acetone.  Chlorophyll  a  was  then  determined  following 
procedures  outlined  in  standard  Methods  (APHA  1980)  . 

Organic  matter  biomass  determinations  were  conducted 
following  procedures  1003D  for  productivity  estimates  in 
Standard  Methods  (APHA  1980) .  While  using  the  gain  in  ash¬ 
free  dry  weight  per  unit  area  as  a  measure  of  net  bacterial 
and  algal  production  (APHA  1980) ,  we  recognize  that 
determining  rates  oi'  primary  production  from  a  temporal 
series  of  biomass  measurements  results  in  minimal  estimates 
of  net  production.  The  losses  that  may  occur  from  excretion 
of  organic  compounds,  respiration,  mortality,  decomposition, 
emigration,  or  grazing  are  certainly  not  included  in 
determining  this  production  estimate  (Wetzel  1975) . 

Likewise,  accumulations  of  organic  matter  from  physical 
processes  such  as  flocculation  or  settling  of  dissolved  and 
particulate  organic  matter  are  also  possible  (Lock  et  al. 
1984) .  The  accrual  of  organic  matter  biomass  is  a 
combination  of  processes  involving  dynamics  of  both 
colonization  and  production  as  well  as  physical  processes. 
Results  from  our  study  of  the  colonization  component  on 
biomass  accrual  should  increase  the  accuracy  of  these 
production  estimates.  Rather  than  list  results  as 
production,  however,  we  will  refer  to  them  as  organic 
matter  accrual  rates  or  AFDW-biomass  accrual  rates. 

Statistical  comparisons  between  sites  emphasize  the 
paired  t-test,  as  recommended  by  one  of  our  reviewers  in 
past  annual  reports.  Single  year  data  for  June,  1990 
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through  September,  1991  and  results  for  yearly  and  eight 
year  paired  t-tests  on  all  parameters  measured  will  be 
presented  in  this  report.  Additionally,  emphasis  has  been 
placed  on  the  analysis  of  biological  parameters  using  the 
BACI  and  RIA  techniques.  Previous  methods  for  analysis  of 
"before"  and  "after"  ELF  effects  as  presented  in  earlier 
annual  reports  included  the  3-way  analysis  of  variance.  The 
variables  included  a  year,  site  and  month  effect  for  the 
selected  parameter.  While  this  analysis  may  prove  to  be  the 
most  statistically  robust  of  several  analyses  available, 
they  all  may  suffer  from  lack  of  true  replication  (Hulbert 
1984).  Because  of  such  considerations  and  to  expand  our 
methods,  we  have  analyzed  our  biological  data  according  to 
the  BACI  method  presented  by  Stewart-Oaten  fit  ai  (1986)  and 
the  RIA  method  presented  by  Carpenter  at  aJL  (1989)  . 

The  BACI  design  determines  whether  the  differences 
between  simultaneously  collected  san^les  of  a  given 
parameter  at  Impact  (FEX)  and  Control  (FCD)  sites  has 
changed  significantly  with  antenna  operation.  The  mean  of 
the  "before"  differences  between  sites  is  compared  to  the 
mean  of  the  "after"  differences  between  sites  by  using  an 
unpaired  t-test.  If  the  magnitude  of  the  difference  between 
the  control  and  impact  sites  changes  significantly  (p 
<0.05)  after  impact,  there  may  be  a  significant  antenna 
impact.  The  procedure  assumes  that  the  following  criteria 
are  met:  (1)  the  measures  of  the  parameters  at  any  time  are 
independent  of  the  measures  of  those  parameters  at  any  other 
time,  and  (2)  the  differences  between  the  control  and  impact 
sites  of  the  "before"  period  are  additive.  According  to 
Stewart-Oaten  fit  fii  (1986),  the  independence  of  error 
assumption  required  by  the  BACI  analysis  may  be  considered 
to  be  "plausible  if  large,  local,  long-lasting  random 
effects  are  unlikely".  While  our  initial  analysis  of  the 
data,  as  well  as  our  sampling  regime  of  28-day  independent 
measurements  indicated  that  the  assumption  had  been 
appropriately  met,  any  possible  serial  correlations  were 
checked  for  using  the  Durbin-Watson  (1951)  test.  The  second 
criterion  was  satisfied  by  transforming  the  data,  if 
necessary  (Steel  and  Torrie  1986) .  If  regression  of  the 
differences  versus  the  average  at  both  sites  for  the  raw  or 
transformed  data  produced  a  slope  that  was  not  significantly 
different  from  zero  (Tukey's  Test  for  Additivity),  the 
differences  were  additive.  The  differences  for  each  period 
were  then  compared  with  an  unpaired  two-tailed  t-test. 

Using  the  BACI  analysis,  we  examined  seasonal 
variations  of  chlorophyll  fi  and  AFDW-biomass  standing  crop 
and  production,  cell  volume,  biovolume,  cell  density, 
species  diversity,  evenness,  and  diatom  abundance.  Seasons 
for  this  analysis  consisted  of  a  Summer  (May  to  October)  and 
a  Winter  (November  to  April)  period,  with  all  seasons  prior 
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to  Slimmer,  1986  representing  the  "before"  period.  The 
"transitional"  period  commenced  July  22,  1986  at  FEX  with  an 
average  4  amp  ELF  exposure  for  variable  time  periods  during 
the  day  over  31  consecutive  days.  During  1987,  the  site  at 
FEX  received  15  amps  for  variable  time  periods  during 
daylight  hours  from  May  22  through  August  31,  1987.  The 
experimental  site  was  exposed  to  75  amps  for  variable  time 
periods  throughout  most  of  1988  and  150  amps  from  May  1, 

1989  to  October  7,  1989.  Since  October  7,  1989  the  antenna 
has  been  operated  full  time  and  at  full  power.  Our  "after" 
period  consisted  of  all  data  collected  from  October  1989  to 
present.  Using  the  BACI  design,  we  ran  pooled  comparisons 
on  all  the  biological  data  except  diatom  abundance;  i.e.  all 
sampling  dates  from  June,  1983  to  April,  1986  as  the 
"before"  period  and  all  dates  from  October,  1989  to 
September,  1991  as  the  "after"  period.  For  each  biological 
parameter,  seasonal  pooled  comparisons  were  run;  i.e. 

Summers  (or  Winters)  1983,  1984,  and  1985  as  the  "before" 
period,  and  Summers  (Winters)  1989,  1990,  and  1991  as  the 
"after"  period.  Additionally,  individual  seasons  of  the 
"before"  period  for  each  parameter  were  compared  to  "after" 
seasons  to  determine  whether  significant  differences 
occurred.  Transitional  data  will  be  analyzed  as  part  of  the 
final  report  after  a  satisfactory  statistical  protocol  has 
been  established. 

Last  year  we  included  randomized  intervention  analysis 
(RIA)  as  a  non-parametric  alternative  to  the  BACI  technique 
(Carpenter  1989)  .  The  RIA  design,  lilce  BACI,  is  based 

on  replicated  sampling  over  time,  before  and  after  a 
manipulation,  at  control  (FCD)  eund  experimental  (FEX)  sites. 
A  mecun  difference  between  FCD  and  FEX  was  calculated  from 
both  the  "before"  and  "after"  data  sets.  The  absolute  value 
of  the  difference  between  these  means  represented  the  test 
statistic.  Random  permutations  of  the  rime  series  of  inter¬ 
site  differences  provided  axi  estimate  of  the  distribution  of 
the  test  statistic.  In  effect,  we  replaced  BACI's  unpaired 
t-test  with  a  randomized  error  distribution  taken  from  our 
own  data  sets.  The  proportion  of  randomly  created 
differences  between  means  that  are  greater  than  the  observed 
difference  between  means,  determined  whether  a  significant 
change  had  occurred  between  sites  after  antenna  operation. 

As  with  the  BACI  technique,  a  significant  finding  does  not 
indicate  that  an  antenna  impact  has  taken  place,  but  rather 
that  some  non-random  change  between  sites  has  occurred. 

By  using  a  randomly  created  error  distribution,  the  RIA 
design  eliminated  problems  of  non-normality  and 
heterogeneous  variances  associated  with  the  BACI  technique. 
Carpenter  fit,  ai  (1989)  does  note  that  RIA  may  be  affected  by 
autocorrelations  in  the  data.  Our  sampling  regime  of 
independent  paired  obseirvations  over  time,  along  with  the 
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Durbin-Watson  test,  reduces  this  autocorrelation  problem. 
Another  limitation  of  RIA,  as  demonstrated  by  Carpenter  fit 
fii  (1989) ,  is  the  lack  of  test  sensitivity  with  sample  sizes 
of  less  than  40.  Last  year,  we  analyzed  all  the  biological, 
gross  primary  production  and  diatom  sp>ecies  abundance  data 
using  RIA.  RIA  comparisons  made  last  year  reflected  results 
obtained  using  the  BACI  analysis.  This  year  we  used  the 
parametric  BACI  analysis  for  data  sets  satisfying 
assumptions  of  independence  and  additivity.  If  the 
relationship  between  sites  changed  significantly  over  time, 
or  if  the  independence,  normality  or  additivity  assumptions 
appeared  to  be  questionable,  then  the  non-parametric  RIA  was 
also  used  to  examine  the  data.  The  same  protocol  of  using 
total  and  pooled  seasonal  "before**  and  "after"  data  used 
with  BACI  was  followed  for  RIA.  Year-to-year  comparisons 
were  not  made  using  RIA,  due  to  small  (2-17  observations) 
sample  sizes. 

RIA  calculations  were  performed  using  the  RIAPUB 
program  obtained  from  Dr.  Stephen  R.  Carpenter  of  the  Center 
for  Limnology,  University  of  Wisconsin-Madison.  The 
program,  written  in  Fortran,  is  interactive  in  nature  and  is 
applicable  for  most  studies  of  this  type. 

We  also  calculated  the  Minimum  Detectable  Differences 
(Zar,  1984  pg.  153)  for  each  of  our  biological  parameters. 
This  tells  us  the  magnitude  of  ELF  induced  change  in  any  of 
these  pareuneters  that  we  will  be  able  to  identify 
statistically  given  the  present  level  of  variance  and  sample 
size  for  each  parameter.  In  response  to  reviewer's  comments 
last  year,  we  have  also  added  a  power  analysis  of  each  of 
our  biological  parameters.  A  power  curve  was  developed 
using  the  mean  and  standard  errors  associated  with  each 
summer  and  winter  1983-1990  data  set  at  the  control  site.  A 
power  function  provides  information  regarding  the 
probability  of  correctly  rejecting  the  null  hypothesis  of  no 
significant  difference  at  p  <  0.05  level  between  the  control 
and  experimental  sites  for  a  set  of  assumed  values  of  a 
biological  parameter  (Pfaffenberger  and  Patterson  1981)  .  In 
order  to  standardize  each  power  curve  so  comparisons  could 
be  made  between  parameters,  power  was  calculated  for 
specific  percent  changes  in  means  for  each  biological 
parameter.  Power  was  then  plotted  against  the  percent 
change  in  mean  for  each  pareuneter.  Ideally,  the  power  of  a 
function  will  rise  very  rapidly  from  zero  as  the  percent 
change  in  observed  mean  departs  from  the  true  mean  for  a 
given  biological  parameter.  Both  the  minimum  detectable 
difference  and  power  analysis  will  allow  us  to  identify  the 
parameters  most  likely  to  detect  changes  in  the  inter-site 
relationship  over  time . 
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In  previous  years  we  have  used  analysis  of  covariance 
(ANCOVA)  with  the  ELF  exposure  data,  presented  in  element  1, 
as  the  covariate  to  directly  assess  the  effects  of  ELF 
exposure  on  the  biological  parameters.  ANCOVA,  as 
calculated  in  this  study,  provided  a  means  of  standardizing 
the  values  of  each  parameter  at  the  two  sites  for  the  inter¬ 
site  differences  in  ELF  exposure,  and  permitted  us  to 
compare  the  standardized  values  between  sites.  This  allowed 
us  to  determine  if  inter-site  differences  in  any  of  our 
biological  parameters  are  caused  by  ELF  exposure.  As  an 
example,  we  compared  the  species  diversity  of  the  two  sites 
(using  a  paired  t-test)  before  the  antenna  was  turned  on  and 
found  no  significant  difference.  The  same  comparison  using 
data  from  the  period  after  testing  began  on  the  antenna 
detected  a  significant  difference  between  the  sites.  We 
used  ANCOVA  to  test  the  hypothesis  that  this  change  in  the 
inter-site  relationship  is  caused  by  ELF  exposures.  To  do 
this,  ANCOVA  was  conducted  on  the  after  data  set.  The 
result  of  the  ANCOVA  was  a  significant  inter-site  difference 
in  species  diversity.  Since  the  ANCOVA  results  did  not 
differ  from  the  results  of  the  paired  t-test  on  the  same 
data  set,  we  concluded  that  the  change  in  the  inter-site 
relationship  indicated  by  the  before  and  after  paired  t- 
tests  is  not  due  to  the  covariate,  ELF  exposure. 

Upon  further  investigation  of  this  procedure  however, 
there  is  some  doubt  as  to  whether  ELF  exposure  represents  a 
valid  covariate.  Steel  and  Torrie  (1960)  states  that  ANCOVA 
was  intended  for  use  when  the  independent  variable,  or 
covariate,  measures  environmental  effects  not  accounted  for 
in  the  experimental  design  and  is  not  influenced  by 
treatments.  In  this  study,  ELF  exposure  is  our  treatment, 
thus  possibly  making  ELF  exposure  an  inappropriate 
covariate.  Steel  and  Torrie  (1960)  then  went  on  to  say  chat 
if  the  covariate  is  influenced  by  the  treatments, 
adjustments  made  by  the  ANCOVA  calculations  would  remove 
part  of  the  treatment  effect.  They  urged  that  care  be  taken 
in  the  interpretation  of  the  data.  This  year  we  ran  the 
ANCOVA  as  in  the  previous  years,  using  ELF  exposure  as  a 
covariate,  and  reported  the  results  in  an  earlier  draft  of 
this  report.  Based  on  reviewers'  comments  oxi  the  earlier 
draft,  we  have  determined  that  our  usage  of  ANCOVA  with  ELF 
exposure  as  a  covariate  is  inappropriate,  and  have 
eliminated  those  analyses  from  this  report.  Next  year,  we 
plan  to  analyze  our  data  using  physical  factors  such  as 
water  temperature  and  discharge  as  covariates,  instead  of 
ELF  exposure  in  the  ANCOVA,  as  well  as  continuing  the 
stepwise  multiple  regressions  analysis. 

While  we  increase  the  degree  of  statistical  analyses 
performed,  as  well  as  the  complexity  of  the  analyses  with 
each  report  as  more  data  become  available,  a  large  inherent 
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variability  still  remains  between  our  biological  field 
samples  collected  at  one  point  in  time.  For  exan^le, 
chlorophyll  a  determinations  had  coefficients  of  variation 
(C.V.'s)  that  averaged  32%  in  84-85,  42%  in  85-86,  37%  in 

86- 87,  34%  in  87-88,  38%  in  1988-89,  30%  in  89-90  and  45%  in 

90-91.  AFDW-biomass  had  C.V.'s  that  averaged  40%  in  84-85, 

64%  in  85-86,  45%  in  86-87,  48%  in  87-88,  36%  in  88-89  and 
89-90,  and  45%  in  90-91.  C.V's  for  diatom  cell  density 
averaged  38%  in  84-85,  39%  in  85-86,  33%  in  86-87,  45%  in 

87- 88,  9%  in  88-89,  18%  in  89-90  and  11%  in  90-91  (these 

lower  C.V.'s  since  1988  probably  resulted  from  increasing 
the  number  of  valves  counted  per  slide  from  300  to  500  as  a 
means  of  effectively  lowering  the  variation) .  All  three 
important  biological  parameters  showed  average  C.V.'s 
possibly  too  high  to  detect  subtle  differences  due  to  ELF 
effects  if  comparisons  are  made  at  one  point  in  time  or  for 
a  single  random  sample  period  only.  The  individual  C.V.'s 
of  many  of  our  monthly  Seimples  often  fell  below  the  20% 
rejection  level  commonly  used  in  benthic  studies  (Cummins 
1975),  in  spite  of  the  wide  range  in  C.V.  values  observed 
over  the  course  of  a  year.  At  times  when  the  C.V.'s  were 
low,  statistical  comparisons  between  sites  provided  a  sample 
size  sufficient  to  be  95%  certain  of  detecting  a  40% 
difference  in  means  between  the  two  sites  at  the  0.05 
significance  level  (SoJcal  and  Rohlf  1969)  .  Coefficients  of 
variation  tended  to  be  lower  during  low  flow  periods  in 
sxammer  and  more  variable  during  the  higher  waters  seen  in 
spring  and  fall  periods.  Thus,  statistical  comparisons  in 
future  reports  will  emphasize  these  time  periods  to  be  able 
to  detect  small  differences  between  single  time  period 
comparisons.  Our  main  efforts  have  been  to  use  tests 
rigorous  enough  to  detect  differences  using  larger  samples 
over  time.  We  expect  overall  trends  to  be  examined  through 
the  BACI  and  RIA  techniques. 

Derived  measurements  of  species  diversity  or  species 
evenness  calculated  from  the  field  samples  were 
characterized  by  much  lower  C.V.'s.  C.V.'s  for  species 
diversity  ranged  from  1%  to  27%  for  individual  samples  and 
averaged  10%  in  85-86,  10%  in  86-87,  6%  in  87-88,  1%  in  88- 
89,  2%  in  89-90,  and  4%  in  90-91.  For  species  evenness 
C.V.'s  averaged  7%  in  85-86,  6%  in  86-87,  4%  in  87-88,  5%  in 

88- 89,  2%  in  89-90,  and  3.5%  in  90-91.  Again,  the 
improvement  in  C.V.'s  since  1988  reflects  the  increase  in 
the  nxomber  of  valves  counted  per  sli  ie  from  300  to  500  at 
that  time.  The  derived  measurements  based  on  the  actual 
density  counts  clearly  fit  the  criterion  of  C.V.'s  being 
lower  than  20  %  and  offer  sensitive  parameters  that  can  be 
used  to  detect  ELF  effects. 
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Results  and  Discussion 

A.  Colonizar-inn  Paff-erns 

In  previous  annual  reports  (AE-020,  AE-031  and  AE-045 
for  1982-83,1983-84,  and  1984-85),  we  summarized  data  on 
colonization  patterns  for  periphyton  for  the  Ford  River. 
These  data  demonstrated  that  for  determining  rates  of 
productivity  and  organic  matter  accumulation,  a  14  day 
period  was  best  during  the  active  growing  season  (mid-.^ril 
to  mid-September) .  This  14  day  period  coincided  with  rapid 
increases  in  chlorophyll  A/  phaeophytin  A/  and  accrual  of 
organic  matter.  Selecting  this  early  period  minimizes 
losses  due  to  sloughing  that  increase  as  the  periphyton 
commtinity  "matures”  or  approaches  its  maximum  sustainable 
density  on  the  slides  (Burton  and  King  1983) .  This  period 
of  maximum  daily  increase  in  organic  matter  and  chlorophyll 
A  is  often  used  as  a  measure  of  net  production  (APHA  1980; 
Burton  and  King  1983) .  Since  the  daily  increases  are  less 
rapid  during  the  cold  weather,  we  used  the  28  day  period  for 
estimates  of  daily  productivity  or  accrual  rate  during  the 
winter  months  from  1983  -  1986,  a  56  day  period  for  the 
winter  of  1987  and  a  42  day  period  for  all  winters  since 
1987,  and  the  14  day  period  from  April  through  October  for 
all  summers. 

After  14-21  days  during  exposure  periods  without  major 
flood  events,  the  periphyton  commtinity  composition  was  shown 
to  change  slowly  through  time  (Oemke  and  Burton  1986) ,  and 
qualitatively  approximated  the  mature  community  on  natural 
substrates  in  the  stream.  Thus,  standing  crop  estimates  of 
chlorophyll  Sl,  orgeuiic  matter,  and  all  community  composition 
parameters  (cell  density,  species  diversity,  species 
evenness,  and  species  dominance)  are  based  on  a  28  day 
exposure  period  throughout  the  year.  All  data  from  1983- 
1991,  excluding  the  winters  since  1987,  were  based  on  this 
28  day  exposure  period  and  sampling  regime.  During  the 
winter  of  1987-88,  winter  samples  were  taJcen  at  56  day 
intervals.  Since  1988-89,  winter  samples  have  been  ta)cen  at 
42  day  intervals.  As  reported  in  the  1982-83  annual  report 
(AE-20)  and  in  Oemke  and  Burton  (1986) ,  differences  between 
a  slow  flowing  pool  habitat,  and  the  more  rapidly  flowing 
riffle  habitat  were  either  slight  or  insignificant  as 
exposure  length  increased.  Thus,  all  samples  are  presently 
collected  from  riffle  areas  only. 

Data  on  these  colonization  dynamics  were  published  in 
Hydrobiologia  (Oemke  and  Burton  1986) ,  and  presented  as  an 
appendix  in  the  annual  report  for  1986-87  (AE-071) . 
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Chlorophyll  &  standing  crop  data  for  October,  1990 
through  September,  1991  followed  annual  patterns  of  summer 
peaks  and  winter  lows  (Fig.  2.1,  Table  2.1).  In  general, 
values  at  the  new  FEX  and  PCD  sites  paralleled  those  of  FEX 
and  FCD,  respectively  (Table  2.1).  Annual  patterns  have 
indicated  that  chlorophyll  ^  peaks  during  the  summer  months 
of  July  or  August,  although  in  1989  and  1990  the  highest 
chlorophyll  a  standing  crops  have  occurred  in  May.  In  1991, 
the  highest  chlorophyll  a  standing  crop  at  FCD  and  FCD-N 
occurred  in  May,  but  at  FEX  amd  FEX-N  occurred  later  in  the 
summer  and  remained  high  through  September  (Table  2.1).  The 
chlorophyll  a  levels  over  the  last  few  summers  are  higher 
than  those  recorded  prior  to  1987  and  are  probably 
associated  with  the  higher  temperatures  and  lower  flows 
experienced  over  the  past  few  years .  Most  measures  of 
algal  standing  crop  (density,  chlorophyll  a/  AFDW-organic 
matter  accrual) ,  as  well  as  species  composition  appear  to 
have  increased  as  a  consequence  of  the  very  dry  weather  in 
May  and  early  summer  for  the  past  five  years  (with  the 
exception  of  June  1989) .  Another  consistent  pattern  for 
chlorophyll  a  has  been  that  standing  crop  has  been  low  in 
winter  (Fig.  2.1).  As  reported  earlier,  winter  1986-87  was 
characterized  as  being  moderate  in  severity,  with 
substantially  warmer  temperatures,  resulting  in  less  ice 
cover  for  the  Ford  River.  The  levels  of  pigment  observed 
for  1986-87  winter  were  much  greater  than  those  observed  in 
any  other  winter  (Fig.  2.1)  . 

The  period  of  highest  variability  has  generally  been 
the  periods  from  late  March  through  June.  This  period 
sometimes  contains  secondary  peaks  in  standing  crop 
production,  e.g.  April  1984,  May  1986,  1989,  1990  and  1991 
(Fig.  2.1).  This  secondary  peak  seems  to  be  associated  with 
dry  spring  seasons  with  low  flows  and  relatively  warm 
temperatures  following  snow  melt  runoff  events. 

Paired  t-tests  and  correlations  of  biological 
parameters  from  June,  1990  to  September,  1991  were  used  to 
compare  chlorophyll  a  levels  for  FEX  vs  FCD,  FEX  vs  FEX-N, 
FCD  vs  FCD-N,  FEX-N  vs  FCD-N  (Tables  2. 2-2. 5)  and  the  entire 
data  set  from  1983-1991  (Tabie  2.6).  Results  of  the  paired 
t-test  indicate  no  significant  difference  in  chlorophyll  a 
levels  except  for  the  FEX-N  vs  FCD-N  comparison  (Table  2.5), 
the  most  extreme  comparison  of  ELF  exposure.  All  site 
comparisons  were  shown  to  be  significantly  correlated. 

We  have  also  computed  the  minimum  detectable 
differences  for  each  of  our  biological  parameters  (Table 
2.7) .  This  was  done  according  to  the  method  provided  in  Zar 
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FIGURE  2.1  CHLOROPHYLL  •  STANDING  CROP  FOR  EXPERIMENTAL  (FEX) 
AND  CONTROL  (FCD)  SITES  ON  THE  FORD  RIVER,  1983-1991. 


Table  2,1  Chlorophyll  a.  (mg/m^)  for  Experimental  (FEX  and  FEX-N)  and  Control  (FCD 
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16/6/6 


Table  2.2  Paired  t-test  and  Correlations  between  the  Experimental  (FEX)  and 

Control  (FCD)  sites  for  Biological  parameters  for  June  1990-Sept  1991. 
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Table  2.5  Paired  t-test  and  Correlations  between  the  New  Experimental  (FEX-N)  and 

New  Control  (FCD-N)  sites  for  Biological  parameters  for  June  1990-Sept  1991. 
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Biovolume  14  -2.589  p  <  0.05  0.803  p  <  0.01 


Table  2.6  Paired  t-test  and  Correlations  between  the  Experimental  (FEX)  and 
Control  (FCD)  sites  for  Biological  Parameters  for  1983-1991. 
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Cell  volume  94  0.734  NS  0.955  p  <  0.01 


(1984,  pg.  153)  on  the  entire  data  sets  and  on  the  sxinuner 
and  winter  data  sets.  The  62%  needed  to  detect  a  difference 
between  FEX  and  FCD  for  the  winter  data  set  highlights  the 
variability  found  in  our  winter  data  for  chlorophyll  a.  A 
power  analysis  conducted  on  the  biological  parameters 
indicated  that  the  ability  to  detect  a  change  in  chlorophyll 
A  levels  is  moderate  to  poor  (Figure  2.2A)  .  For  example,  at 
a  power  of  0.4  one  would  not  be  able  to  detect  less  than  a 
25%  change  in  summer  chlorophyll  a  levels.  The  winter  data 
set  is  even  less  powerful. 

Results  of  BACI  comparisons  of  5  year  log(x+l) 
transformed  chlorophyll  a  data  (Table  2.8)  for  the  entire 
data  set  and  the  summer  data  set  revealed  significant 
autocorrelations  within  the  data  sets  according  to  the 
Durbin-Watson  test  of  the  independence  assumption.  The 
winter  data  set  failed  Tukey's  test  for  additivity.  Thus, 
randomized  intervention  analysis  (RIA)  was  used  to  confirm 
the  results  of  the  BACI  comparisons.  Results  of  both  the 
BACI  and  RIA  comparisons  indicated  that  a  significant 
difference  (p  <0.01)  occurred  when  "before"  (6/83-4/86)  and 
"after"  (10/89-9/91)  means  were  compared.  When  brolcen  down 
on  a  seasonal  basis,  the  significance  was  the  result  of  a 
significant  difference  between  1983-85/1989-91  summer 
regressions  (Table  2.8) .  Summer  by  summer  comparisons 
showed  that  these  differences  primarily  arose  from 
differences  between  the  sunaner  of  1983  and  the  summer  of 
1990,  and  the  summers  of  1984  and  1985  and  the  stammers  of 
1990  and  1991.  The  difference  in  the  inter-site 
relationship,  detected  by  both  BACI  and  RIA,  is  probably  due 
to  a  differential  site  response  by  the  algal  commtanities  at 
the  two  sites  to  the  increase  in  water  temperatures  and  low 
flows  obseirved  in  recent  years. 

Daily  chlorophyll  ^  accrual  rates  followed  the  same 
pattern  as  did  standing  crop  with  mid-summer  pealcs  and  winter 
lows  (Fig.  2.3,  Table  2.9)  .  Daily  rates  peaJced  in  July, 
consistent  with  the  pattern  obseorved  in  the  last  four  years. 
Paired  t-tests  between  the  old  and  new  FEX  and  FCD  sites 
showed  no  significant  difference  in  daily  accrual  rates  for 
June,  1990  to  September,  1991  as  well  as  high  correlation 
(Tables  2. 2-2. 5) .  However,  paired  t-tests  of  1983  to  1991 
data  indicate  a  significant  difference  between  FEX  and  FCD 
(Table  2.6).  The  minimum  detectable  difference  for 
chlorophyll  a  accanaal  (Table  2.7)  of  32.1%  is  similar  to  that 
for  chlorophyll  a  standing  crop. 

BACI  analysis  of  the  chlorophyll  a,  accrual  rates 
indicate  that  there  is  a  difference  in  the  between  site 
relationship  "before"  impact  (6/83-4/86)  and  that 
relationship  "after"  impact  (10/89-9/91)  (Table  2.8).  Since 
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Table  2.7  Minimum  detectable  differences  for  major  biological 

parcuneters  using  paired  T- tests.  Values  were  computed 
the  complete  data  set  and  for  summer  and  winter  data  sets. 
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%  Change  in  Mean  Diversity 


Fiaure  2.2  Power  curves  for  biological  parameters  calculated  from  summer 
and  winter  data  sets  at  FCO  from  1983*1990;  (A)  Chlorophyll  a. 
standing  crop,  (B)  AFDW-Biomass  standing  crop,  (C)  Cell  Density. 
(D)  Cell  Volume,  (E)  Blovolume,  (F)  Species  Evenness,  (Q) 
Species  Diversity. 
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Table  2 . 6  Summary  of  BACI  and  RIA  Conparisons  for  Chlorophyll  &  end 
AFDW-Blomass  between  Control  (FCD)  and  Experimental  (FEX) 
Sites  for  1983-1991.  N  in  parentheses  for  BACZ  and  RIA, 
respectively.  RIA  results  are  presented  for  significant 
BACI  comparisons,  or  BACI  conqparisons  which  did  not  meet 
parametric  assunptions. 


Parameter  Comparison 


BACI  RIA 

Signif.  Signif. 

(p  <  0.05)  (p  <  0.05) 


Chlor.  4  6/83-4/86  vs.  10/89-9/91  (59) (59)  p  <  0.01  p  <  0.01 

Summer  83-85  vs.  90-91  (32)  (34)  p  <  0.01  p  <  0.01 
S  83/90  (9)  p  <  0.05 

S  84/90  (10)  p  <  0.01 

S  84/91  (10)  p  <  0.05 

S  85/90  (10)  p  <  0.01 

S  85/91  (10)  p  <  0.05 

Winter  83-86  vs.  89-90  (25)  (27)  NS  NS 


Chlor.  4. 

Daily  6/83-4/86  vs.  10/89-9/91  (59) (62)  p  <  0.01  p  <  0.01 

Accrual 

Summer  83-85  vs.  90-91  (31)  (34)  p  <  0.01  p  <  0.01 


S  83/91  (12)  p  <  0.01 

S  84/91  (9)  p  <  0.01 

S  85/91  (9)  p  <  0.01 

S  85/90  (8)  p  <  0.05 

Winter  83-86  vs.  89-90  (26)  NS 


AFDW-  6/83-4/86  vs.  10/89-9/91  (58) (58)  p  <  0.05  p  <  0.05 

Biomass 

Summer  83-85  vs.  50-91  (31) (33)  p  <  0.01  p  <  0.01 

S  83/91  (9)  p  <  0.05 

S  84/91  (10)  p  <  0.01 

S  85/91  (10)  p  <  0.05 


Winter 

83-86  vs.  89-90 

(26) 

NS 

AFDW- 

6/83-4/86 

vs.  10/89-9/91 

(60) 

NS 

Biomass 

Daily 

Summer 

83-85  vs.  90-91 

(32) 

NS 

Accrual 

Winter 

83-86  vs.  89-90 

(26) (27) 

NS 

NS 
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FIGURE  2.3  ACCRUAL  RATES  OF  CHLOROPHYLL  a  FOR  EXPERIMENTAL  (FEX)  AND 
CONTROL  (FCD)  SITES  ON  THE  FORD  RIVER,  1983-1991. 
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the  validity  of  BACI's  independence  ass\amption  appeared  to  be 
questionable  according  to  the  Durbin-Watson  test  results,  RIA 
was  used  to  confirm  ihe  difference  detected  in  the  BACI 
comparison  of  sximmers  1983-1985  vs  summers  1990-1991  as  well 
as  the  overall  comparison.  However,  RIA  could  not  confirm 
yearly  comparisons.  Based  on  the  BACI  comparisons  alone, 
between  site  differences  were  due  to  differences  between  the 
summers  of  1983,  1984,  1985  (before  years)  and  1991  (an  after 
year)  and  the  summer  of  1985  and  that  of  1990.  Once  again, 
this  chcuige  in  the  inter-site  relationship  may  be  related  to 
weather  differences  between  these  years. 

C.  Patterns  of  Organic  Matter  Accumulation 

Organic  matter  measured  as  accvimulation  of  ash  free  dry 
weight  (AFDW)  on  glass  slides  generally  followed  the  same 
trends  in  1990-1991  as  did  chlorophyll  a  (Figs.  2.1,  2.4). 

The  annual  pattern  for  organic  matter  standing  crop  was 
similar  to  that  of  previous  years  except  the  summer  of  1990 
when  lower  levels  probably  resulted  from  a  return  to  pre¬ 
drought  temperatures  (Table  2.10).  Generally,  FEX-N  and  FCD- 
N  paralleled  organic  matter  standing  crop  levels  at  FEX  and 
FCD  from  June,  1990  to  September,  1991. 

Paired  t-tests  between  the  FEX  and  FCD  sites  for  AFDW- 
organic  matter  accumulation  showed  significant  differences 
for  June,  1990-September,  1991  data  (Tables  2.2)  and  the  data 
taken  since  1983  (Table  2.6),  but  the  sites  were 
significantly  correlated  during  both  time  periods. 

Comparisons  involving  the  new  FEX  and  FCD  sites  from  June, 
1990  to  September,  1991  (Tables  2. 3-2. 5)  showed  no 
significant  differences  between  FEX  vs  FEX-N  and  FCD  vs  FCD- 
N,  as  well  as  significant  correlation  (Tables  2.3  and  2.4). 
FEX-N  vs  FCD-N  were  also  correlated,  but  indicated 
significant  differences  between  sites  (Table  2.5).  BACI 
analyses  conducted  on  AFDW-organic  matter  standing  crop  data 
(Table  2.8)  indicated  that  a  difference  in  the  between  site 
relationship  "before"  impact  (6/83-4/86)  and  that 
relationship  "after"  impact  (10/89-9/91)  occurred  for  the 
entire  data  set  and  for  the  summer  data.  RIA  confirmed 
results  obtained  for  the  BACI  analyses  of  summer  and  pooled 
comparisons.  Yearly  summer  BACI  comparisons  indicate 
differences  between  the  summers  of  1983,  1984,  1985  (before 
years)  and  the  summer  of  1991  (an  after  year) . 

The  minimum  detectable  difference  for  AFDW-organic 
matter  is  22.5%  for  tlie  entire  data  set,  26%  for  the  summer 
data  set  and  49.1%  for  the  winter  data  set  (Table  2.7) .  The 
high  winter  value  is  due  to  the  high  variability  in  our 
winter  data  sets.  The  two  sites  tend  to  experience  different 
winter  conditions,  i.e.  FEX  tends  to  freeze  over  quicker  than 
FCD  and  often  will  be  frozen  over  while  FCD  remains  open. 


98 


FCD 


K 

UJ 


19 

98 

98 

98 

98 

98* 

98* 

98- 

98- 

98- 

98* 

88- 

98- 

98* 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

98- 

68- 

68- 

68- 

68- 

68- 

68- 

68- 

68- 


usr 

99Q 

AON 

lao 

d«s 

Dfiv 

mp 

unp 

ASH 

jdy 

J>M 

,uap 

udp 

adQ 

AON 

|00 

d08 

Ony 

.inp 

inp 

unp 

-AON 

-Jdy 

JON 

qoi 

u«p 

OOQ 

AON 

)oo 

d08 

Ony 

.inp 

inp 

unp 

-AON 

-Jdy 

JON 

qoi 

uop 

oog 

-AON 

-loO 

dos 

-ony 

inp 

.unp 

unp 


I  » . r 


l6-dos 

l-e-Bny 

te-inp 

1.6-unp 

18-Aon 

1.6-uop 

06-9«a 

08-6-100 

06-1-100 

oe-oos 

06-ony 

06-inp 

06-unp 
06-Aon 
06--<(lV 
06-iON 
08-uop 
68-000 
68-6  )oo 
68-1-  )oo 
68-OoS 
68-Bny 
68-inp 
68-unp 
68-AaN 
68--idy 
68‘JON 
68-qod 
88-000 
88-aon 
08-100 
90-dos 
08-8ny 
88-inp 
08-ounp 

88-aon 

98-qoj 

1-49-000 

48-190 

48-dos 

48-Dny 

48- inp 

49- unp 
A8-.A0N 
Z8-A0N 
Z8-.»«N 
Z8-qod 


(6N/9W)  U311VN  9INV9U0 


(6N/0N)  U3JJ.VN  3INV010 


FIGURE  2.4  ORGANIC  MATTER  STANDING  CROP  FOR  EXPERIMENTAL  (FEX) 
AND  CONTROL  (FCD)  SITES  ON  THE  FORD  RIVER.  1983-1991. 


Table  2.10  Ash  Free  Dry  Weight  Biomass  (mg/m^)  for  Experimental  (FEX  and  FEX-N)  and 
Control  (FCD  and  FCD-N)  sites  for  1990-1991.  Values  are  Means  ±  S.E.,  N 
parentheses . 
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8/12/91  1309  ±  61  (10)  1464  ±  50  (10)  805  ±  35  (10)  1109  ±  35  (10) 

9/9/91  1107  ±  54  (10)  1107  ±  160  (10)  941  ±  229  (10)  1107  ±  137  (10) 


Based  on  a  power  curve  of  AFDW-organic  matter,  the  ability  to 
detect  a  relatively  small  change  in  the  mean  AFDW  is  fairly 
high,  however,  the  winter  data  set  proved  to  be  less  powerful 
than  the  summer  data  set  (Figure  2.2B) . 

Organic  matter  accrual  rates  (Figure  2.5  and  Table  2.11) 
followed  a  pattern  of  winter  lows  and  summer  highs  similar  to 
the  pattern  followed  by  organic  matter  standing  crop.  The 
accrual  rates  for  the  FEX  and  FCD  sites  were  not 
significantly  different  in  1990-91  and  were  significantly 
correlated  between  sites  (Table  2.2) .  Overall,  there  was  no 
significant  difference  in  organic  matter  accrual  rates 
between  the  two  sites,  and  the  data  were  highly  correlated 
between  sites  (Table  2.6).  Paired  t-tests  of  the  new  and  old 
sites  from  June,  1990  to  September,  1991  (Tables  2. 3-2. 5) 
indicate  significant  differences  for  FEX  vs  FEX-N  and  FEX-N 
vs  FCD-N  comparisons.  The  minimum  detectable  difference  for 
organic  matter  accrual  was  27.1%  (Table  2.7),  similar  to  the 
value  for  organic  matter  standing  crop.  BACI  analysis  on 
AFDW-organic  matter  accrual  (Table  2.8)  indicated  that  there 
were  no  differences  in  the  between  site  relationship  "before" 
testing  began  on  the  antenna  in  May  of  1986  and  "after"  full 
operation  in  October  of  1989,  a  result  corroborated  by 
randomized  intervention  analysis  (Table  2.8). 

D.  Patterns  o£  Diatom  Ceil  Density 

Diatom  cell  density  reached  its  lowest  level  during  the 
winter  for  each  of  the  years  studied  at  each  site  (Fig.  2.6). 
Typically,  the  lowest  values  occurred  in  January  or  February 
when  the  Ford  River  was  ice  covered  with  limited  light 
penetration  and  with  water  temperatures  near  O^C.  The  winter 
season  from  late  October  until  April  was  characterized  by 
diminished  levels  of  diatom  density.  Actual  values  ranged 
from  10^  -')  10®  cells/m2.  The  peak  values  for  diatom  cell 
density  occurred  at  less  predictable  intervals  (Fig.  2.6), 

The  highest  monthly  densities  of  cells  were  reported  in 
August  1983,  June  1984,  June  1985,  May  1986,  May  1987,  May 
1988  and  1989,  May  -  July  of  1990  and  May  1991  (Fig.  2.6) . 
Thus,  the  highest  cell  densities  measured  were  found  to  occur 
anytime  within  a  four  month  spring-siimmer  period.  The 
duration  of  continued  high  cell  densities  also  varied  by  year 
(Fig.  2.6);  sometimes  continuing  throughout  the  siommer,  and 
at  other  times  restricted  to  only  one  or  two  months  of  very 
high  densities,  e.g..  May  1986.  In  1991,  the  pattern  was 
for  lowest  cell  densities  in  the  winter  and  for  greatest 
densities  in  the  spring  and/or  summer  (Fig.  2.6,  Table  2.12). 
However,  FCD  returned  to  near  winter  values  almost 
immediately  after  its  May  peak.  Data  from  FEX-N  and  FCD-N 
sites  from  June,  1990  to  September,  1991  followed  the 
patterns  apparent  at  FEX  and  FCD  in  most  cases  (Table  2.12)  . 
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FIGURE  2.5  ACCRUAL  RATES  OF  ORGANIC  BIOMASS  FOR  EXPERIMENTAL  (FEX)  AND 
CONTROL  (FCD)  SITES  ON  THE  FORD  RIVER,  1983-1991. 
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7/29/91  42  ±  3  (10)  44  ±  3  (10)  28  ±  5  (10)  36  ±  4  (10) 

8/26/91  33  ±  12  (10)  18  ±  2  (10)  20  ±  2  (10)  17  ±  2  (10) 
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FIGURE  2.6  DIATOM  CELL  DENSITIES  FOR  THE  FORD  RIVER.  1983-1 991 . 
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Paired  t-tests  demonstrated  that  site  differences  in 
cell  densities  were  significant  at  FEX  and  FCD  for  June, 
1990-Septemher,  1991  (Table  2.2)  and  for  all  the  data 
collected  since  1983  (Table  2.6)  but  cell  density  at  FEX  was 
closely  correlated  with  cell  density  at  FCD  (Tables  2.2, 

2.6).  Results  of  paired  t-tests  which  include  the  new  sites 
and  data  from  June,  1990  to  September,  1991  showed  no 
significant  differences  in  cell  densities  for  FEX  vs  FEX-N 
and  FCD  vs  FCD-N  (Tables  2.3  and  2.4),  but  significant 
differences  for  FEX-N  vs  FCD-N  (Tables  2.5).  However,  all 
comparisons  indicated  significant  correlation  between  sites. 
BACI  results  from  the  overall  5  year  cell  density  data 
indicated  a  significant  difference  between  "before"  (6/83- 
4/86)  and  "after"  (10/89-9/91)  periods  (Table  2.13).  Further 
analysis  suggested  that  the  summer  variations  were 
responsible  for  this  significant  result.  The  between  site 
relationship  for  cell  density  for  the  summer  of  1983  was 
different  than  it  was  for  the  summers  of  1990  and  1991,  and 
the  summers  of  1984  and  1985  differed  from  the  summer  of 
1991.  This  difference  was  also  detected  by  RIA  (Table  2.13). 
Cell  density  is  highly  variaUsle,  (Figure  2.6)  resulting  in  a 
rather  large  (approximately  50%)  minimum  detectable 
difference  (Table  2.7).  Power  analysis  of  cell  density 
indicate  that  the  data  are  only  moderately  powerful,  similar 
to  the  chlorophyll  a  power  analysis,  and  the  winter  data  set 
even  less  powerful  (Figure  2.2C) . 


E.  Patterns _ in  Individual  Cell  Volume  and  Total 

Biovolume 

Individual  cell  volumes  for  the  8.5  year  period  (Fig. 
2.7,  Table  2.14)  were  characterized  by  a  trend  towards  larger 
volumes  of  diatoms  in  the  periphyton  occurring  during  the 
colder,  winter  months  of  November  through  March  and  smaller 
diatoms  occurring  during  the  summer  months.  The  1987-88  cell 
volume  data  did  not  ioxlow  this  pattern  however.  Following 
the  dramatic  rise  in  mean  cell  volume  during  the  winter  of 
1986-87  associated  with  dominance  by  Synedra  and  Diatoma. 
values  dropped  off  during  the  spring-summer  and  remained  low 
over  the  winters  of  1987-88  and  1988-89.  The  cell  volume  for 
the  winter  of  1989-90  returned  to  the  levels  seen  before 
1986-87  and  the  winter  of  1990-91  followed  the  same  pattern. 

Paired  t-tests  and  correlations  showed  that  mean  cell 
volume  was  not  significantly  different  for  any  of  the  new  and 
old  FEX  and  FCD  site  comparisons  (Tables  2. 2-2. 5)  for  June, 
1990-September,  1991,  as  well  as  for  all  data  at  FEX  and  FCD 
collected  since  1983  (Table  x. -C,  .  BACI  and  RIA  comparisons 
of  cell  volume  indicated  that  "before"  data  were  not 
different  from  "after"  data  either  on  an  overall  basis  or  for 
any  summer  or  winter  season  comparisons  (Table  2.14).. 
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Table  2.13  Summary  of  BACZ  and  RZA  Conparisons  for  Density,  Volume, 

Biovolume,  Diversity  and  Evenness  between  Control  (FCD)  and 
Experimental  (FEX)  Sites  for  1983-1991.  N  in  parentheses 
for  BACZ  and  RZA,  respectively.  RZA  results  are  presented 
for  significant  BACZ  comparisons,  or  BACZ  con^arisons  which 
did  not  meet  parametric  assumptions . 


Parameter 


Coiqparison 


BACZ  RZA 

Signif.  Signif. 

(p  <  0.05)  (p  <  0.05) 


Cell 

6/83-4/86  vs.  10/89-9/91  (59) (61) 

P 

<  0.01 

P 

<  0.01 

Density 

Sumner  83-85  vs.  90-91  (32)  (34) 

P 

<  0.01 

P 

<  0.01 

S  83/90  (9) 

P 

<0.05 

S  83/91  (9) 

P 

<  0.01 

S  84/91  (10) 

P 

<  0.05 

S  85/91  (10) 

P 

<  0.01 

Winter  83-86  vs.  89-90  (25) (27) 

NS 

NS 

Cell 

6/83-4/86 

vs.  10/89-9/91 

(59) (61) 

NS 

NS 

Volume 

Summer 

83-85  vs.  90-91 

(32) 

NS 

Winter 

83-86  vs.  89-90 

(27) 

NS 

Biovoluroe 

6/83-4/86 

vs.  10/89-9/91 

(59) (61) 

P 

<  0.01 

P 

<0.05 

Summer 

83-85  vs.  90-91 

(32) (34) 

P 

<  0.05 

P 

<  0.05 

S  85/91  (10) 

P 

<0.05 

Winter 

83-86  vs.  89-90 

(27) (27) 

NS 

NS 

Species 

6/83-4/86 

vs.  10/89-9/91 

(59) 

NS 

Diversity 

Summer 

83-85  vs.  90-91 

(32) 

NS 

Winter 

83-86  vs.  89-90 

(25) 

NS 

Species 

6/83-4/86  vs.  10/89-9/91 

(59) (61) 

P 

<  0.01 

p  <  0.05 

Evenness 

Stimmer  83-85  vs.  90-91 

(32) 

NS 

Winter  83-86  vs.  89-90 

(25) (27) 

P 

<  0.01 

p  <  0.01 

W  83/90  (8) 

P 

<  0.05 

W  84/90  (8) 

P 

<  0.05 

W  85/90  (9) 

P 

<  0.05 

Gross 

7/84-8/85  vs.  6/89-8/91 

(29) 

NS 

Primary 

Production 
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FIGURE  2.7  INDIVIDUAL  CELL  SIZES  FOR  THE  FORD  RIVER,  1983-1991. 
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However,  since  the  "before"  data  was  not  additive  for  most  of 
these  comparisons,  the  BACI  t-test  cannot  be  considered  valid 
(Stewart -Oaten  1986) .  Although  cell  volume  is  fairly 
variable  between  years  (Fig.  2.6),  it  remains  fairly 
consistent  between  sites  resulting  in  a  relatively  low 
(approximately  25%)  minimum  detectable  difference  (Table 
2.7) .  A  power  curve  of  the  summer  mean  cell  volume  data 
indicates  a  relatively  high  ability  to  detect  small  changes 
in  cell  volume  (Figure  2. 2D) .  By  comparison,  the  winter  data 
are  much  less  powerful. 

Total  biovoliime  for  1991  was  highest  in  May  at  both  FEX 
and  FCD  (Fig.  2.8,  Table  2.15).  The  biovoluwie  levels  for 
1991  declined  immediately,  unlike  the  trend  of  the  past  few 
years.  Both  density  (Fig.  2.6)  and  biovolume  (Fig.  2.8)  have 
been  characterized  by  svibstantially  larger  spring-summer  peak 
values  since  May  1986,  apparently  as  a  result  of  the  very  dry 
months  of  May  since  that  time.  The  rapid  decline  after  May 
in  1991  may  be  a  result  of  a  return  to  a  wetter  May.  Total 
biovolume  at  all  sites  varied  considerably  during  the  months 
of  August  and  September  between  1990  and  1991.  This 
difference  corresponded  to  a  large  decrease  in  cell  densities 
during  August  and  September,  1991.  There  is  no  apparent 
reason  why  this  drop  in  densities  occurred,  but  see 
discussion  of  Coceoneis  abundances  in  section  F  of  this 
element.  The  large  biovolume  peak  observed  during  the  1986- 
87  winter  has  not  been  repeated  consistently  due  to  the 
absence  of  the  large  species,  Synedra  ulna.  The  presence  of 
Synedra  again  during  winter  1989-90  produced  a  peak  in 
biovolume,  although  not  of  the  same  magnitude  as  that  seen 
during  winter  1986-87  (Fig.  2.8) . 

A  comparison  of  total  biovolume  between  sites  with  the 
paired  t-test  showed  that  biovolume  at  FEX  was  significantly 
different  (p<0.05)  from  biovolxime  at  FCD  for  the  June,  1990- 
September,  1991  data  (Table  2.2),  but  not  for  all  data 
collected  since  1983  (Table  2.6) .  Biovolume  at  FEX  was 
significantly  (p<0.05)  correlated  with  biovolume  at  FCD  in 
1990-91  (Table  2.2),  and  for  all  the  data  collected  since 
1983  (Table  2.6) .  Comparisons  of  FEX  vs  FEX-N  and  FCD  vs 
FCD-N  from  June,  1990  to  September,  1991  indicated  no 
significant  difference  occurred  in  biovolume  tjetween  sites 
(Tables  2.3  and  2.4).  A  paired  t-test  of  FEX-N  vs  FCD-N 
during  the  same  period,  however,  showed  a  significant 
difference  in  biovolume  between  the  sites  (Table  2.5). 
Biovolxomes  at  FEX  and  FEX-N  were  significantly  correlated 
with  biovolumes  at  FCD  and  FCD-N,  respectively.  BACI  and  RIA 
comparisons  of  biovolxime  demonstrated  that  there  was  a 
significant  difference  in  the  between  site  relationship 
"before"  May,  1986  and  "after"  October,  1989  (Table  2.13). 

The  difference  is  due  to  differences  between  the  sxammer  of 
1985  and  the  summer  of  1991.  Since  the  entire  data  set  and 
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FIGURE  2.8  DIATOM  BIOVOLUME  FOR  THE  FORD  RIVER.  1983-1991. 
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the  winter  data  set  failed  the  Durbin-Watson  test  due  to 
autocorrelation,  RIA  was  used  to  confirm  the  BACI  results. 

The  high  variability  in  between  site  differences  (Fig.  2.8) 
accounted  for  the  high  minimvim  detectable  difference  in 
biovolume  (Table  2.7) .  Power  curves  indicated  that  biovolume 
was  the  least  powerful  of  the  biological  parameters  for  both 
the  summer  and  winter  data  sets  (Figure  2.2E) , 

F.  Patterns  of  Species  Diversity  and  Species 
Evenness 

The  pattern  in  the  Shannon  Wiener  diversity  index  (H') 
and  the  evenness  index  (J')  over  the  entire  period  from  1983 
to  1991  (Figs.  2.9  and  2.10,  Tables  2.16  and  2.17)  was 
similar,  with  evenness  and  diversity  appearing  to  track  each 
other  during  most  seasons.  In  general,  the  pattern  for  both 
indices  was  that  greatest  values  occurred  in  the  winter 
months  and  lowest  values  in  the  summer  months .  This  pattern 
continued  for  the  1989-1991  period. 

The  pattern  of  winter  highs  and  summer  lows  for 
diversity  and  evenness  corresponded  with  predictable  patterns 
in  species  abundance.  During  the  sijmmers  from  1983  to  1991, 
only  Aehnanthes  minutlssima  and  Cocconeis  olacentula  ever 
achieved  dominance  greater  than  10  %  of  the  individuals  in 
the  community  (Table  2.18).  Typically,  Aehnanthes  was  the 
most  dominant  species  present  in  May  and  June,  but  decreased 
in  abundance  and  was  replaced  by  Cocconeis  as  the  most 
dominant  species  in  July  and  August.  Aehnanthes  then 
increased  in  dominance  again  in  September  and  October  as  the 
abundance  of  Cocconeis  declined.  In  1991,  Cocconeis 
abundances  followed  a  similar  pattern,  reaching  its  highest 
levels  (55-60%  during  the  stammer  period)  since  the  start  of 
the  study  (Fig.  2,11,  2.12),  This  general  pattern  was  based 
on  total  numbers  of  diatoms  present .  Since  Cocconeis  is  more 
than  1.5  times  larger  than  Aehnanthes.  the  pattern  of  July- 
August  dominance  by  Cocconeis  is  actually  under-represented 
by  data  based  on  counts.  From  examination  of  shards  of  the 
actual  sample  slide  under  the  scanning  electron  microscope, 
it  appears  that  Cocconeis  totally  dominates  the  substrate 
surface  with  Aehnanthes  cells  interspersed  in  spaces  between 
the  almost  continuous  covering  of  the  microscope  slide  by 
Cocconeis .  Thus,  calculation  of  %  dominance  based  on 
biovolume  might  be  a  better  way  of  assessing  dominance  and  is 
a  calculation  we  hope  to  include  in  future  reports. 

The  abundance  data  from  the  sxommer  of  1989  was  different 
from  data  collected  for  previous  summers  in  that  Fragilaria 
vaucheriae  achieved  greater  than  10  %  dominance  along  with 
Aehnanthes  minutissima  and  Cocconeis  placentula.  This 
unusual  dominance  pattern  for  Fragilaria  can  be  explained  by 
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FIGURE  2.9  DIATOM  SPECIES  DIVERSITY  FOR  THE  FORD  RIVER,  1983-1991. 
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FIGURE  2.10  DIATOM  SPECIES  EVENNESS  FOR  THE  FORD  RIVER.  1983-1991. 


•o 

c 

n 

CM 

<n 

CO 

CO 

CO 

VO 

VO 

VO 

VO 

CO 

CO 

CO 

CO 

CO 

<Q 

w 

p 

ro 

VO 

00 

VO 

p* 

00 

CM 

CO 

o 

00 

in 

bj  CO 
^  <u 

rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

fH 

iH 

CM 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

(0 

^  0) 

2 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O  JS 

^  u 

Q 

CJ 

+< 

-H 

-H 

-H 

-H 

■H 

-H 

-H 

-H 

-H 

■H 

■H 

■H 

-H 

-H 

c  S 

h 

CM 

o 

o 

CO 

in 

in 

in 

CO 

VO 

CO 

CM 

ft  ? 

VO 

in 

p' 

CM 

a% 

CM 

VO 

VO 

p* 

VO 

CO 

in 

• 

00 

VO 

VO 

CO 

p* 

00 

00 

VO 

VO 

m 

• 

CM 

• 

CM 

CM 

• 

^  «0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

H 

o 

o 

H 

o 

o 

C  C 

•O-S 

■P 

c 

1 

1 

22 

u 

cn 

CM 

<o 

CO 

CO 

CO 

VO 

VO 

VO 

VO 

CO 

CO 

to 

to 

CO 

u  u 

o 

VO 

in 

CM 

VO 

in 

V 

in 

CO 

in 

00 

fH 

CO 

CO 

m 

r“J 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

fH 

CM 

o 

'“l/i 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

•o 

C  -H 

Q 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<0 

CO 

O 

b 

+1 

-H 

-H 

-H 

-H 

■H 

-H 

-H 

+» 

+1 

+» 

+1 

-H 

M 

-H 

X  c 

U  <0 

Eu  0) 

2 

00 

a\ 

o 

CM 

p' 

o 

oo 

in 

ov 

ov 

p' 

ov 

o 

VO 

CO 

vr 

o 

CO 

P- 

o 

in 

m 

o 

P- 

p^ 

in 

fH 

as 

in 

r~ 

VO 

oo 

oo 

p“ 

p* 

VO 

VO 

CO 

CM 

CM 

fH  <U 
(0 

4J  (0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

c 

0)  CO 
£  4) 

<o 

CM 

<n 

CO 

CO 

CO 

VO 

VO 

VO 

VO 

CO 

CO 

CO 

CO 

to 

W 

•H  3 

M  H 

o 

CM 

CM 

o 

a\ 

in 

CJV 

CO 

CM 

r* 

cr> 

oi  (0 
a> 

*0> 

CM 

o 

fH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X 

u  • 

2 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

iH 

M  a\ 

X 

u 

-H 

+1 

-H 

-H 

■H 

-H 

+< 

■H 

-H 

-H 

+1 

-H 

-H 

■H 

o  o\ 

r-(  b| 

m 

%4  rH 

1 

(d 

O 

o 

00 

fH 

fH 

CM 

00 

o 

r- 

p 

rr 

o 

in 

CO 

VO 

o^ 

oo 

p* 

P* 

VO 

OV 

to 

fH 

to 

O 

c 

in 

m 

oo 

p~ 

r* 

VO 

VO 

in 

CM 

CM 

to 

«  a\ 

4) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t-3  <r» 

E 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

iH 

•H 

Vl 

CO 

4) 

— 

CO  O 

a 

<n 

CO 

CO 

CO 

VO 

VO 

VO 

VO 

to 

CO 

to 

CO 

fO 

4)  M-l 

X 

'W' 

•'»i^ 

c 

u 

C  CO 

00 

VO 

OV 

VO 

CM 

<Tt 

00 

CO 

oo 

in 

4)  0) 

CM 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

>  4J 

U  -H 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

CO 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

u 

4)  — . 

•H  2 

h 

M 

M 

M 

M 

M 

-H 

-H 

■H 

-H 

-H 

M 

+4 

M 

U  1 

o 

cn 

CO 

a\ 

iH 

o 

CJV 

CO 

fH 

r- 

00 

4)  Q 

CM 

00 

CM 

CM 

VO 

CO 

<n 

00 

rH 

m 

Q.O 

P' 

m 

00 

CO 

P* 

P* 

VO 

VO 

5r 

CM 

CM 

CM 

CO  b 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

O 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

O 

• 

ctO 

p* 

iH 

• 

o 

o 

CM 

o 

o 

<7V 

ov 

fH 

fH 

fH 

fH 

fH 

<n 

o 

o 

o 

a\ 

'V. 

ov 

fH 

OV 

ov 

ov 

as 

CJV 

fH 

4) 

o> 

a\ 

<n 

<T\ 

o 

ov 

\ 

as 

4) 

fH 

's. 

fH 

CM 

fH 

0^ 

CM 

o 

r* 

in 

CM 

p 

P 

OV 

VO 

fH 

CM 

CM 

CM 

fH 

fH 

as 

(0 

<0 

o 

O 

CM 

Q 

VO 

00 

o% 

fH 

fH 

fH 

fH 

CO 

in 

VO 

p~ 

00' 

as 

117 


Table  2.18  Dominant  Summer  Diatom  Species  at  Experimental 

(FEX)  and  Control  (PCD)  Sites,  1583-1991.  Values 
for  each  species  i.ncicate  percent  dominance  by 
numbers . 
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FIGURE  2.11  Achnanihes  mlnullssima  PERCENT  DOMINANCE  FOR  THE  FOTO  RIVER,  1963-1991. 
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FIGURE  2.12  Cocconeis  placentula  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER.  1983-1991. 


Its  unusually  high  abxindance  (40  %  dominance)  during  the 
month  of  May,  1989.  During  1991,  Fragilaria  abundance 
appeared  to  follow  the  more  typical  pattern  seen  from  1983- 
1988  (Fig.  2.13). 

The  winter  diatom  flora  has  been  much  more  variable  than 
the  sximmer  flora.  Aehnanthes  has  been  a  dominant  component  of 
the  flora  most  years,  as  well  as  Fragilaria  vaucheriae  and 
Gomphonema  olivaceum  (Table  2.19).  The  winter  of  1990-1991 
followed  this  dominance  pattern,  with  the  reappearance  of 
Gomphonema  as  a  dominant  species  (Table  2.19,  Fig.  2.14)  . 
Synedra  ulna,  which  became  a  dominant  species  during  the 
unusually  warm  winter  of  1986-87  when  it  reached  abundance 
levels  of  51%,  was  not  a  dominant  member  of  the  winter 
community  during  1990  (Table  2.19,  Fig.  2.15).  The  variable 
winter  species  abundance  pattern  observed  during  1990 
resulted  in  typical  patterns  of  high  diversity  and  evenness 
seen  in  previous  winters. 

Non-domineuit  (<  10%  of  total  commxjnity  composition) 
species  such  as  Achnanthes  lanceolata.  Cymbella  minuta. 
Fragilaria  eonstruens  and  Synedra  ulna  have  also  responded  in 
a  predictable  manner  throughout  the  eight  year  period  (Figs. 
2.16,  2.17,  2.18,  2.15).  These  species  can  also  be  divided 
into  species  that  achieve  greatest  dominance  in  winter  or 
summer.  Species  that  are  most  abundant  in  summer  include 
only  Cymbfilla  minuta  (Fig.  2.17).  There  are  three  winter 
abundant  species:  Achnanttiea  lanceolota.  Fragilaria 
eonstruens  and  Synedra  ulna  (Figs.  2.16,  2.18,  2.15).  The 
combination  of  more  dominemt  forms  in  the  winter  as  well  as 
the  preponderance  of  minor  species  with  pealc  abundance  in  the 
winter  leads  to  the  observed  pattern  in  diversity  and 
evenness  of  winter  highs  and  summer  lows  (Figs.  2.9,  2.10). 

We  have  quantified  the  changes  in  diatom  abundance  over 
time  by  analyzing  dominant  species  present  in  winter  and 
summer  and  several  non-dominant  species  with  the  BACI 
technique  (Table  2.20) .  Differences  between  the  control  and 
impact  sites  were  calculated  using  the  arcsin  square  root  of 
the  mean  transformation  suggested  by  Steel  and  Torrie  (1960) 
for  proportional  data.  There  have  been  no  significant  changes 
in  the  inter-site  relationships  since  the  ELF  antenna  became 
fully  operational  in  October  of  1989  for  any  of  the  dominant 
summer  f Achnanthes.  Cocconels)  or  winter  species  (Achnanthes. 
Fragilaria.  Gomphonema)  when  the  entire  seasonal  1983-1985 
"before"  data  were  compared  to  the  1989-1991  "after"  data 
(Table  2.20) .  Seasonal  pooled  BACI  comparisons  of  mean 
differences  for  the  typically  non-dominant  species  Cymbella 
minuta  and  Svnedra  ulna  were  also  not  significant  (Table 
2.20)  . 
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FIGURE  2.13  Fragllarla  vaucherlae  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER,  1963-1991. 


Table  2.19  Dominant  Winter  Diatom  Species  at  Experimental 

(TEX)  and  Control  (FCD)  Sites,  1983-1991.  Values 
for  each  species  indicate  percent  dominance  by 
numbers . 
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FIGURE  2.14  Gomphonema  olivaceum  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER,  1983-1991 . 
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FIGURE  2.15  Synedra  ulna  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER.  1983-1991. 
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FIGURE  2.16  Achnanthes  lanceolata  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER.  1983-1991. 
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FIGURE  2.17  Cymbella  minuta  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER.  1983-1991. 
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FIGURE  2.18  Fragiiarla  construens  PERCENT  DOMINANCE  FOR  THE  FORD  RIVER,  1983-1991. 


Table  2.20  Sumnary  of  Diatom  Abundance  BACl  and  RIA  Coiq>axisona 

between  Control  (FCD)  and  Experimental  (FEX)  Sites  for 
1983-1991. 


Species 

Comparison 

BACI 

Signif . 

(p  <  0.05) 

RZA 

Signif. 

(p  <  0.05) 

Sumroet 

Achnanthes 

minutissima 

Summer  83-85  vs.  90-91 

NS 

Cocconeis 

placentula 

Summer  83-85  vs.  90-91 

NS 

Cymbella 

minuta 

Summer  83-85  vs.  90-91 

NS 

Winter 

Achnanthes 

minutissima 

Winter  83-86  vs.  89-90 

NS 

NS 

Fragilaria 

vaucheriae 

Winter  83-86  vs.  89-90 

NS 

NS 

Gon^honema 

olivaceum 

Winter  83-86  vs.  89-90 

NS 

NS 

Synedra 

ulna 

Winter  83-86  vs.  89-90 

NS 

NS 
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Last  year  we  expanded  our  diatom  abundance  analyses  to 
include  RIA,  as  well  as  BACI.  This  year,  RIA  was  run  in 
addition  to  BACI  for  the  winter  data  sets  since  these  data 
exhibited  significant  autocorrelations  or  indecisive  results 
for  the  Durbin-Watson  test.  RIA  comparisons  of  abundance 
data  for  the  five  winter  species  indicated  no  significant 
differences  in  the  between  site  relationship  "before"  and 
"after”  antenna  operation  (Table  2.20) .  In  all  comparisons, 
results  determined  using  RIA  reflected  results  obtained  by 
the  BACI  technique. 

In  an  attempt  to  detect  even  more  subtle  changes  in 
diatom  abundances  due  to  ELF  exposure,  we  have  run  BACI 
analyses  for  dominant  species  that  demonstrated  obvious  peaks 
in  abundance  during  particular  months  of  the  year.  For 
example,  Achnanthes  minutissima  becomes  very  abundant  during 
the  months  of  May  and  Jtane  each  year  (Fig.  2.11)  .  By  pooling 
all  the  May  and  Jxine  data  for  the  years  1983-85  as  the 
"before"  period  and  all  the  May  and  June  data  for  1989-91  as 
the  "after",  we  can  more  closely  examine  mean  differences 
between  sites.  We  found  no  overall  significant  differences 
between  mean  percent  dominance  data  for  the  four  species 
analyzed  using  BACI  (Table  2.21) .  With  the  addition  of 
several  more  years  of  data,  the  analysis  of  these  species  may 
prove  to  be  sensitive  indicators  of  potential  ELF  effects. 

Comparisons  of  diversity  and  evenness  between  FEX  and 
FCD  using  paired  t-tests  indicated  that  a  significant 
difference  occurred  between  sites  for  the  June,  1990- 
September,  1991  data  set  (Table  2.2)  and  for  the  entire  data 
set  from  1983-1991  (Table  2.6).  Correlation  coefficients  of 
0.97  for  diversity  and  0.96  for  evenness  indicated  the  close 
relationship  of  these  parameters  between  FEX  and  FCD  for 
1990-1991  (Table  2.2) .  These  relationships  remained  highly 
correlated  when  data  from  1983-1991  were  considered  (Table 
2.6)  . 


Each  of  the  new  sites,  FEX-N  and  FCD-N,  did  not  differ 
significantly  for  both  diversity  and  evenness  from  FEX  and 
FCD,  respectively  (Tables  2.3  and  2.4) .  Significant 
correlation  coefficients  between  FEX-N  and  FEX,  and  between 
FCD-N  and  FCD  were  found  for  both  parameters.  When  the  site 
of  highest  exposure  (FEX-N)  was  compared  to  the  site  of 
lowest  exposure  (FCD-N)  for  the  June,  1990-September,  1991 
period,  only  species  diversity  was  foxmd  to  differ 
significantly  (Table  2.5) . 

Both  evenness  and  diversity  exhibit  low  minimum 
detectable  differences,  5.1%  and  7.4%,  respectively  (Table 
2.7) .  Additionally,  power  analyses  completed  for  each 
parameter  indicated  that  both  diversity  and  evenness 
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Table  2.21  Results  of  Monthly  BACI  Comparisons  of  Dominant  Diatom  Species#  1983-1991. 
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represent  the  best  means  of  detecting  potential  ELF  effects 
(Fig.  2.2F,  2.2G). 

Results  of  BACI  comparisons  for  diversity  indicated  that 
no  significant  changes  occurred  in  the  inter-site 
relationship  for  the  pooled  "before"  (6/83-4/86)  euid  "after" 
(10/89-9/91)  data  (Table  2.13) .  Seasonal  pooled  comparisons 
for  diversity  were  not  significeuit .  The  entire  evenness 
data  set  was  analyzed  using  both  the  BACI  analysis  and  RIA. 

A  significant  difference  in  the  between  site  relationship  for 
evenness  occurred  for  the  overall  con^arison  using  both 
statistical  techniques  (Table  2.13) .  The  winter  evenness 
comparison  was  also  found  to  differ  significantly  at  the  p  < 
0.01  level  using  both  BACI  and  RIA  (Table  2.13). 


G.  Phorosynthesis-Resplration  Studies 

A  separate  study  was  undertaken  to  evaluate  primary 
production  and  community  respiration  using  short  term  changes 
in  dissolved  oxygen  concentrations  during  the  summer  period 
of  intense  algal  growth.  The  dissolved  gas  procedures  are 
advantageous  because  estimates  of  net  primary  production, 
gross  primary  production,  and  community  respiration  may  be 
obtained  with  one  technique  (Bott  fit  al.  1979) .  Rocks  from 
the  stream  bed  were  placed  inside  each  of  six  plexiglass 
chambers  occupying  1/3  to  1/4  of  the  total  chamber  volume  of 
3-4  L.  Three  light  and  three  dark  chambers  were  run 
simultaneously  on  each  date.  Recirculated  water  was 
continuously  recycled  through  the  chambers  using  submersible 
pumps.  Each  test  lasted  from  0. 5-2.0  hours  between  1000  and 
1300  hours  of  each  test  day  in  1984.  One  site  was  tested 
during  one  week,  and  the  second  was  tested  during  the 
following  week  in  1984.  Even  though  1984  results  indicated 
no  significant  difference  (t-test)  between  sites  for  net 
production,  respiration,  or  gross  production,  the  relatively 
large  standard  deviations  led  us  to  change  procedures 
concerning  exposure  durations  and  site  selection  for  1985. 
Since  1985,  production  and  respiration  studies  at  FCD  and  FEX 
have  been  conducted  on  the  same  day  with  the  test  at  each 
site  lasting  one  hour.  Tests  were  begun  at  one  site  at  1000 
hours  and  completed  at  the  other  site  by  1400  hours.  Each 
site  was  tested  first  on  alternate  weeks. 

The  assumptions  made  for  the  purposes  of  production 
calculations  considered  algal  periphyton  to  occupy  only  the 
upper  half  of  each  rock.  Chlorophyll  a,  extracted  from  rocks 
covered  by  attached  periphyton,  was  measured  for  each  chamber 
with  a  fluorimeter.  Surface  area  was  determined  by  wrapping 
each  rock  in  aluminxjm  foil,  straightening  the  foil,  and 
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determining  the  area  of  foil  using  a  leaf  area  meter  (LI- 
COR) .  Hourly  production  and  respiration  rates  were  estimated 
(Table  2.22)  from  dissolved  oxygen,  chlorophyll  a,  and  rock 
surface  area  measurements. 

We  agree  with  reviewers  from  past  years  that  production 
and  respiration  studies  should  be  done  for  as  many  seasons  of 
the  year  as  possible.  However,  these  procedures  are  labor 
intensive  (ca.  40-50  hours  per  determination  or  400  to  500 
hours  for  the  10  runs  per  summer)  and  can  only  be  done  with 
present  level  of  ftonding  during  times  when  student 
technicians  are  available  (June  15  through  September  1) . 

Thus,  these  determinations  will  be  done  in  this  period  only 
unless  additional  funds  are  forthcoming  for  studies  during 
other  seasons.  We  also  agree  that  studies  would  be 
better  than  just  monitoring  changes  in  dissolved  oxygen. 
Again,  lack  of  equipment  and  fxinding  to  purchase  such 
equipment  precludes  this  as  well. 

Gross  and  net  primary  production  and  respiration  were 
similar  between  the  control  (FCD)  and  experimental  (FEX) 
sites  for  1991  (Table  2.22).  We  have  analyzed  gross  primary 
production  rates  from  1984  to  1991  with  the  BACI  technique 
(Table  2.13) .  There  was  no  significant  difference  in  the 
between  site  relationship  for  the  pooled  "before"  and  "after" 
data. 


H.  BACI  and  RIA  Comparisons  of  Biological  and 
Diatom  Abundance  Data 

Results  obtained  last  year  using  the  RIA  method 
generally  reflected  those  from  BACI.  Similar  probability 
levels  were  found  for  AFDW-biomass,  AFDW-biomass  accrual, 
cell  volume,  diversity,  evenness,  gross  primary  production 
and  seasonal  diatom  abundance  data.  While  probability  levels 
did  not  agree  precisely  between  methods  for  parameters  such 
as  chlorophyll  a#  chlorophyll  a  accrual,  cell  density  and 
biovolume,  the  p  values  were  usually  within  a  few  percentage 
points  of  one  another.  Based  on  reviewers  comments  of  last 
year's  report,  we  have  limited  our  use  of  the  non-parametric 
RIA  to  those  comparisons  which  failed  the  assximptions  of  the 
parametric  BACI  analysis,  or  significant  comparisons  obtained 
using  BACI.  Since  the  BACI  analysis  provides  a  statistically 
more  powerful  test  of  the  benthic  algal  data,  we  have  elected 
to  use  RIA  only  in  the  instances  described  above.  Overall, 
we  feel  that  RIA  continues  to  offer  a  means  of  increasing  the 
statistical  rigor  of  this  portion  of  the  study. 

For  those  parameters  where  significant  differences  did 
occur  using  both  BACI  and  RIA,  a  closer  look  is  required  to 
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determine  whether  ELF  electromagnetic  radiation  or  some  other 
factors  have  caused  the  observed  differences.  Stewart-Oaten 
et  al.  (1986)  and  Carpenter  (1989)  both  have  strongly  stated 
that  significant  differences  obtained  from  RIA  or  BACI 
analyses  do  not  imply  that  the  perturbation  in  question  has 
caused  the  observed  differences#  nor  do  these  tests  reveal  at 
what  point  in  time  the  change  occurred.  Throughout  this 
study,  we  have  limited  our  interpretation  of  significant  BACI 
and  RIA  results  to  one  which  states  that  a  significant 
difference  (p  <  0.05)  in  the  inter-site  relationship  before 
and  after  antenna  operation  for  a  particular  algal  parameter, 
was  or  was  not  found.  As  Stewart -Oaten  (1986) ,  Carpenter 
(1989)  emd  our  reviewers  have  recommended,  we  have  suggested 
pertinent  ecological  variables  (water  temperature  and 
discharge)  as  alternate  explanations  in  our  attempt  to 
separate  natural  variation  from  possible  ELF  effects.  We 
agree  with  reviewers'  comments  that  laboratory  experiments 
would  offer  the  only  definitive  means  of  determining  whether 
ELF  exposure  is  causing  the  observed  statistical  differences 
in  the  algal  community,  and  are  currently  considering  the 
feasibility  of  such  experiments. 


I.  Summary 

1.  Chlorophyll  a 

Annual  patterns  for  chlorophyll  a  standing  crop  and 
accrual  were  characterized  by  large  year-to-year  variability. 
The  only  consistent  trend  was  for  July-August  peaJcs  in  most 
years  and  winter  lows.  The  magnitudes  of  peaks  also  varied 
between  years.  Paired  t-tests  for  1990-91  data  and  all  data 
collected  since  1983  showed  no  significant  difference 
between  our  control  (FCD)  and  experimental  sites  (FEX) . 

There  was  also  no  significant  difference  between  the  new  FEX 
and  FCD  sites  and  the  old  FEX  and  FCD  sites.  "Before"  (6/83- 
4/86)  and  "after"  (10/89-9/91),  control  (FCD)  and  impact 
(FEX)  (BACI)  euid  Randomized  Intervention  Analysis  (RIA) 
indicate  that  the  between  site  relationship  in  chlorophyll  a 
has  changed  since  October,  1989  when  the  testing  of  the 
antenna  began  full  operation. 

2.  Organic  Matter 

Organic  matter  (AFDW-biomass)  standing  crop  and  accrual 
rates  showed  considerable  year-to-year  variability  similar  to 
chlorophyll  a*  The  only  overall  trend  has  been  for  a  July- 
August  peak  in  standing  crop  and  accrual  rates  and  winter 
time  lows  for  both  standing  crop  and  accrual.  These 
parameters  have  been  consistently  characterized  by  showing  no 
significant  differences  between  sites  since  1983,  although 
organic  matter  accrual  at  FEX  was  higher  than  FCD  for  1990- 
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91.  BACI  analyses  and  RIA  showed  that  a  difference  has 
occurred  in  AFDW-organic  matter  accxamulation  since  the 
testing  of  the  antenna  began  in  1986  and  was  due  to 
differences  between  the  svimmers  of  1983-1985  (before  years) 
and  the  sximmer  of  1991  (after  year)  .  However,  organic  matter 
accrual  rates  showed  no  significant  difference. 

3.  Diatom  C«»ll  Density 

Diatom  cell  density  was  statistically  different  between 
FEX  and  FCD  sites  according  to  paired  t-tests  of  data  from 
1990-1991  and  1983-1991.  BACI  analyses  and  RIA  also 
indicated  that  data  collected  before  May  1986  were 
significantly  different  from  data  collected  after  October 
1989  due  to  summer  variations.  The  increased  density  may  be 
related  to  the  low  discharges  emd  high  temperatures  during 
May  and  early  summer  in  each  of  these  years.  Density  was 
highest  in  May  in  both  years. 


4.  Total  Biovolume  and  Individual  Cell  Volume 

Individual  cell  volxmie  comparisons  of  diatoms  between 
sites  showed  no  significant  differences  between  sites  for 
1990-1991  and  1983-1991  data  according  to  paired  t-tests. 
Biovolume  at  FEX  and  FCD  was  significantly  different  for  the 
1990-1991  data  but  not  for  the  entire  data  set  from  1983- 
1991.  BACI  analysis  and  RIA  detected  no  significant  changes 
in  the  inter-site  relationship  for  cell  volume  but 
significant  differences  for  biovolume  as  a  result  of  summer 
variability.  In  general,  average  cell  volume  was  high  in 
winter  and  low  in  summer,  whereas  total  biovolume  tended  to 
be  highest  in  s\unmer  since  it  is  the  product  of  average 
volume  times  density. 

5.  Species  Diversity  and  Evenness 

Diatom  species  diversity  and  evenness  were  found  to 
differ  significantly  between  FEX  and  FCD  in  1991  and  for  all 
data  collected  to  date  using  paired  t-tests.  No  differences 
were  found  between  old  and  new  sites  for  each  parameter  from 
1990-1991.  Only  species  diversity  was  found  to  differ 
significantly  between  FEX-N  and  FCD-N  during  1990-1991. 

Annual  trends  showed  a  high  diversity  and  evenness  during 
winter  (except  winter  of  1386-87)  and  lower  values  during  the 
summer  periods.  In  1991,  we  calculated  percent  abundance  for 
all  species  of  diatoms  and  presented  data  for  those  species 
that  achieved  dominance  greater  than  10  %  for  any  season. 

Two  species,  Achnanthes  minutissima  and  Cocconeis  olacentula 
were  found  to  dominate  during  the  1991  summer  period.  During 
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the  1991  summer,  Cocconeis  reached  its  highest  abundances 
ever  observed  since  1983.  Three  species  achieved  dominance 
during  the  winter  of  1989.  BACI  and  RIA  analyses  were 
presented  for  four  dominant  and  two  non-dominant  species  of 
diatoms  and  showed  that  no  significcmt  differences  have 
occurred  before  and  after  antenna  operation  began.  Even  so, 
overall  diversity  and  evenness  have  cheuiged  significantly 
over  that  time  period  according  to  the  paired  t-tests,  BACI, 
and  RIA  analyses. 

6.  PhQtQSvnth«>fiis-RespiratiQn  Studies 

Net  primary  production,  respiration,  and  gross  primary 
production  of  the  community  on  rock  surfaces  did  not  differ 
greatly  between  sites.  BACI  analysis  indicated  that  there 
have  been  no  significant  differences  between  FEX  and  FCD 
sites  for  gross  primary  production  rates  for  "before"  and 
"after"  data. 
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Element  3  - 


Effects  of  Inaent  Grazer  Populations  on 
Periphyton  CQimimntt  tes  . 


Changes  from  workplan  -  This  element  was  eliminated 
following  the  1989  field  season,  since  effects  were 
determined  to  be  too  variable  and  inconsistent  from  year  to 
year  to  be  useful  in  detecting  ELF  effects.  Efforts 
previously  spent  on  this  element  were  used  for  the  periphyton 
studies  at  two  additional  sites  for  Element  2 . 


EJement  4:  Species  Richness  and  Biomass  of  Stream  insects  From 
ArWcia!  Substrates  in  Riffles 


Changes  from  Original  Synopsis  -  A  new  site,  FEX.iJNE,  10  m  downstream 
from  the  crossing  of  the  E.LF.  line  over  the  Ford  River,  was  added  in  June, 
1991,  which  is  subject  to  higher  E.LF.  exposure  levels  than  the  FEX 
experimental  site.  The  original  FEX  site  remains  operational. 


Ot^ectives 

1)  To  determine  whether  structural  community  parameters  and  functional 
community  parameters  are  affected  by  E.LF.  electromagnetic  fields,  and  2)  to 
determine  whether  growth  rates  six  species  of  aquatic  insects  are  altered  after 
E.LF.  activation. 


Rationale 

Extremely  low  frequency  electromagnetic  fields  may  affect  structural  and 
functional  community  parameters  (A.I.B.S.  1985)  as  well  as  life  histories  of 
insects  (Walters  and  Carstensen  1986).  Although  a  number  of  terrestrial 
animals,  including  insects  (Bindokas  et  al.  1989,  Kirschvink  1989)  have  been 
studied  to  see  whether  electromagnetic  fields  affect  their  behavior,  no  studies 
other  than  this  one  have  been  done  on  stream  insects.  Because  aquatic 
biota,  including  bacteria  (Frankel  et  al.  1978)  and  several  species  of  aquatic 
vertebrates  (Kirschvink  1989)  contain  magnetite,  and  some  of  those  species 
respond  to  E.LF.  fields  in  water,  it  is  possible  that  aquatic  insects  can  detect 
E.LF.  fields  and  alter  their  responses  acxxDrdingly. 

Structural  Community  Indices:  Taxon  Diversity  (H’),  evenness  (J’)  and 
taxon  richness  (S)  as  developed  by  Shannon  and  Weiner  (see  Tramer  1969) 
have  been  shown  to  be  useful  in  the  detection  of  alterations,  both  natural  and 
anthropogenic,  in  the  community  structures.  These  indices  have  been  central 
to  studies  on  effects  of  rock  size  and  microspatiai  complexity  (Hart  1978), 
p-cresoi  (Stout  and  Cooper  1983)  and  construction  of  impoundments  (Ward 
and  Stanford  1979)  on  stream  dwelling  benthic  invertebrates.  As  this  is  the 
first  study  aimed  at  looking  at  possible  effects  of  E.LF.  on  stream  dwelling 
invertebrates,  indices  such  as  these  are  expected  to  be  useful  in  the  detection 
of  both  natural  environmental  and  of  E.LF.  operational  effects  on  invertebrates 
in  the  Ford  River,  Michigan. 
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In  general,  benthic  insect  samples  indude  a  large  number  of  chironomids 
(Chironomidae).  Our  samples  can  contain  up  to  3, OCX)  individuals.  Because 
identifications  to  genus,  let  alone  to  spedes  level,  are  very  time  consuming  for 
large  numbers  such  as  these,  efforts  at  adjusting  to  possible  differences  in 
numbers  of  taxa  among  the  two  experimental  (FEX  and  FEX  LINE)  and  the 
reference  (FCO)  sites  were  made.  Structural  community  indices  were 
computed  both  with  and  without  chironomids  at  each  of  the  two  sites,  and 
separate  analyses  were  performed  on  the  three  data  sets  to  determine 
whether  the  unavoidable  bias  for  this  taxonomic  family  unit  differentially 
affected  the  indices  at  the  three  sites. 

Functional  Community  Indices:  The  most  encompassing  index,  total  insect 
biomass,  was  used  to  determine  whether  there  might  be  dramatic  effects, 
owing  to  E.LF.  operation,  on  the  production  of  benthic  insects.  This  index 
was  also  segregated  into  functional  units,  known  as  functional  feeding  groups 
(See  Merritt  and  Cummins  1984).  Mass  values  for  collector-gatherers,  filter- 
feeders,  grazers,  shredders,  and  predators,  as  well  as  for  chironomids  as  a 
taxonomic  grouping  were  determined  at  each  site  over  time  with  the  rationale 
that  E.LF.  may  affect  some  functional  feeding  groups  more  than  others,  if,  for 
example,  E.LF.  effects  impacted  primary  producers  in  the  stream,  the  insect 
functional  feeding  group  to  first  respond  may  be  the  collector-gatherers  and 
grazers  that  consume  periphyton.  In  addition,  a  synthetic  index, 
predator/prey  ratio,  was  generated  as  a  monitoring  tool  to  determine  whether 
the  interactive  dynamic  of  potential  prey  and  potential  predators  in  the  system 
were  altered  before  versus  after  E.LF.  activation. 

In  addition  to  the  above  functional  community  indices,  changes  in  growth 
rates  or  patterns  were  monitored  for  six  taxa,  which  are,  in  the  main,  collector- 
gatherers  or  grazers.  If  their  major  source  of  nutrition  were  affected  by  E.L.F. 
operations,  then  growth  patterns  and  rates  of  these  consumers  of  primary 
production  may  be  altered  as  well.  Efforts  were  made  at  selecting  species 
represented  by  moderate  numbers  at  the  three  sites  to  minimize  low  numbers 
problems  during  statistical  procedures. 

Statistical  analyses  include  power  tests,  coefficient  of  variation  values, 
Student-t  tests  and  2-Way  ANOVAS  comparing  biological  parameters  over  time 
at  the  sites.  ANCOVAS  and  within-site  multiple  regressions  were  used  to 
relate  physical  factors  that  had  the  highest  correlation  coefficients  with 
biological  parameters  (See  1989  Annual  Report).  ELF  cumulative  ground  field 
exposure  values  were  also  included  in  the  multiple  regression  tests.  An 
intervention  analysis  test,  the  B.A.C.I.  (Stewart-Oaten  et  al.  1986)  was  used. 
B.A.C.I.  tests  use  only  sample  means,  so  much  of  the  data  are  lost  by  this 
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method.  Further,  variations  around  mean  values  tend  to  bo  high  in  field- 
derived  data  as  compared  with  laboratory-derived  data.  Dr.  Abdul  Ei- 
Shaarowi  of  the  Canadian  Center  for  Inland  Waters  (with  whom  ITTRI  is 
consulting)  is  presently  utilizing  some  of  the  data  in  this  Element  to  improve 
the  rigor  of  the  test.  Possibly,  in  the  Revised  Annual  Report.  3.A.C.I.  tests, 
based  on  residuals  from  prior  statistical  tests  rather  than  on  sample  means, 
will  be  completed  and  compared  with  the  convential  procedure  for  B.A.C.I. 
tests. 

In  this  report  all  statistical  tests  were  performed  on  seasonal  data 
groupings,  so  only  Two-Way  rather  than  Three-Way  ANOVA  tests  are  herein 
presented.  Data  are  grouped  into  three  seasons:  Spring  (April,  May), 

Summer  (June,  July,  August),  and  Autumn-Winter  (September  through 
November  or  December).  Data  analyses  based  on  seasonal  groupings  rather 
than  on  all  months  together  was  a  decided  improvement  (See  Three-way 
versus  Two-way  ANOVAS  in  1990  Annual  Report)  because  coefficient  of 
variation  values  for  most  of  the  biological  parameters  were  lower  during  the 
summer  stable  period  as  compared  with  the  spring  and  fall  transition  periods 
for  the  insects  in  the  river.  During  the  spring,  both  spring  run-off,  as  reflected 
in  high  fluctuations  in  discharge  and  water  temperatures,  and  changes  in  taxa 
and  biomass  are  at  their  highest.  During  the  f^l,  alterations  in  species 
composition  and  increases  in  growth  rates  of  fall-winter  growing  species 
affected  CV  values  as  well.  Our  rationale  was  that  the  most  probable  season 
for  the  detection  of  subtle  E.LF.  effects  may  be  during  the  summer  "stable" 
periods. 

E.LF.  fields  may  not  operate  in  biological  systems  in  ways  similar  to  other 
anthropogenic  agents.  This  may  make  it  difficult  to  determine  proper 
measures  of  exposure  (e.g.,  intensity,  frequency,  electromagnetic  excursion? 
during  activation  and  deactivation  periods)  for  relating  those  exposures  to 
biotic  responses  (O.T.A.  1989).  One  may  not  be  able  to  make  simple 
assumptions  regarding  dose-response  curves.  However,  as  a  first 
approximation,  we  used  cumulative  ground  field  exposure  values  which  are 
daily  ground  intensity  times  duration  values  summed  over  the  incubation 
period  of  the  samples.  For  this  report,  cumulative  exposure  values  were  used 
as  one  of  three  physical  independent  variables  in  a  saries  of  multiple  linear 
regressions  for  nine  separate  biological  parameters.  Although  initial  activation 
occurred  in  late  May  of  1986,  full  power  over  extended  periods  began  or.ly  in 
the  fan  of  1989.  Our  analyses  at  this  time  include  benthic  insect  identifications 
and  counts  through  November  of  1990.  Before  ELF  activation  data  run  from 
the  fall  of  1983  through  the  spring  of  1986.  After  ELF  activation  data  run  from 
the  summer  of  1986  through  November  of  1990. 
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Materials  and  Methods 


From  November  of  1983  through  September  of  1991,  60  micron  Nytex 
mesh  lining  half  cylinder  (18  x  28  x  10  cm)  plastic  sampler  baskets  were  filled 
with  benthic  substrata  and  buried  flush  with  the  stream  bottom  at  FEX  and 
FCD.  In  June,  1990,  a  new  site  downstream  from  F0(  was  selected,  based 
on  E.LF.  field  measurements.  The  new  site,  we  call  FEX.LJNE  is  a  definite 
improvement  over  the  original  FEX  experimental  site  with  respect  to  E.LF.  field 
intensities.  However,  before  impact  data  sets  are  not  available  for  this  site. 
Therefore,  data  from  June  1990  through  November  1991  for  this  site  will  be 
compared  with  FEX  and  FCD  (One-Way  ANOVA)  to  determine  whether  the 
new  experimental  site  is  similar  to  FEX  or  FCD  before  dedding  whether  this 
site  addition  is  justified,  given  the  additional  work  necessary.  If  the  data  are 
statistically  similar  to  those  from  FEX,  we  still  lack  any  ability  to  compare  prior 
with  post  ELF  activation  for  this  new  site.  Further,  if  there  are  significant 
differences  between  this  site  and  the  FEX  site,  any  possible  ELF  effects  using 
this  new  site  may  be  undetectable  unless  many  more  than  two  or  three  years 
of  accumulated  data  are  available  for  comparison  with  FCD. 

From  May  through  September  each  year,  seven  replicates  for  each  site 
were  collected  monthly,  with  replacement.  Each  September,  sufficient 
samplers  were  placed  at  the  sites  to  allow  for  late  fail,  winter,  and  early  spring 
collections.  (After  1986,  January  through  March  collections  were  excluded, 
owing  to  past  sampling  difficulties.)  Meier  et  al.  (1979)  showed  that  30  to  39 
days’  incubation  of  samples  in  substrates  in  southern  Michigan  showed  the 
maximum  numbers  of  individuals  colonidng  substrates.  Our  colonization 
studies  in  1983  showed  that  30  days’  incubation  was  the  most  parsimonious 
incubation  period  (1984  Annual  Report). 

Samples  were  processed  by  placing  samplers  in  separate  buckets, 
washing  substrata  thoroughly  and  retaining  the  suspended  animals  in  a  60 
micron  mesh  soil  sieve.  Animals  were  preserved  in  80%  ethyl  alcohol.  In  the 
laboratory,  insects  were  picked  from  detritus  and  then  separated  to  order  level 
for  five  of  the  seven  samples.  Next,  specimens  were  identified  to  the  lowest 
taxon  possible,  and  measured  to  the  nearest  mm  for  biomass  estimates  (after 
Smock  1980).  Numbers  of  individuals,  taxon  diversity  (H’),  richness  (S’), 
evenness  (J’)  and  percent  numerical  dominance  for  selected  species  were 
determined  for  each  sample.  Total  sample  biomass,  biomass  for  functional 
feeding  groups  (after  Merritt  and  Cummins  1984),  percent  biomass  for  each 
functional  group  relative  to  total  biomass,  and  mean  dry  mass  per  individual 
(MDW/IND)  values  were  computed.  Data  for  this  report  extend  to  November, 
1990.  (Years,  ELF  cumulative  ground  field  exposure  for  each  sampling  period, 
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stream  discharge,  chronological  time,  and  physiological  time  [cumulative 
degree  days]  were  used  as  independent  vari^ibles.)  Data  came  from  ambient 
monitoring  of  discharge  and  from  maximum-minimum  daily  water  temperatures 
at  each  site.  Before  installation  of  the  automatic  ambient  monitoring  system  in 
April  and  after  the  system  was  dismantied  in  late  October,  a  chart  recorder 
recorded  daily  maximum  -  minimum  temperatures  at  FCD.  Before  1988  when 
chart  recorders  were  not  used,  estimates  of  water  temperatures  based  on 
monthly  visits  to  the  sites  were  made  for  March  and  November  each  year. 

MDW/INO  values  were  plotted  against  chronological  time  and/or  against 
physiological  time.  All  six  species  monitored  for  changes  in  MDW/IND  values 
have  major  growth  periods  during  the  summer  months. 

Remits  and  Discussion 

Structural  Community  Indices 

Taxon  diversity,  evenness,  richness,  number  of  individuals,  and  percent 
dominance  of  chironomid  numbers  for  each  sample  were  selected.  In  prior 
years,  3-Way  ANOVA  tests  were  performed  on  the  entire  data  set  to  see 
whether  there  were  year,  month,  and  site  differences.  Analysis  of  trends  and 
of  coefficient  of  variation  (CV)  values  for  the  biological  parameters  showed  that 
there  were  clear  differences  among  seasons.  Months  were  coalesced  into 
seasons,  based  on  the  trends  and  CV  values.  Spring  (April,  May),  Summer 
(June  -  August),  and  Fall  (September  -  November)  seasons  were  therefore 
analyzed  separately.  Rgures  4.1  through  4.4  show  CV  values  for  four  of  the 
structural  parameters.  They  illustrate  the  differences  in  mean  values  relative  to 
sample  variances  from  season  to  season  and  underscore  the  rationale  for 
treating  seasons  separately.  Taxon  Diversity  (H’)  and  evenness  (J’)  values 
oscillated  the  most  during  the  spring  season.  Taxon  Richness  (S’)  and 
numbers  of  individuals  had  the  lowest  values  and  least  oscillations  during  the 
summer  season.  Coefficient  of  Variation  values  for  H’  and  J’  between  the  two 
sites,  FEX  and  FCD,  were  least  similar  during  the  spring  transitional  period; 
but  richness  and  numbers  of  individuals  were  most  similar  in  that  season. 
These  differences  in  CV  values  for  the  structural  community  parameters  are 
not  masked  by  ANOVA  tests  or  by  multiple  regression  tests  because 
replicates  rather  than  sample  means  are  used.  However,  B.A.C.I.  tests  use 
only  sample  means,  and  are  affected  by  high  CV  values.  Thus,  2-Way  ANOVA 
tests  with  year  and  site  as  the  main  effects,  and  multiple  regression  tests 
relating  physical  factors  with  biological  factors  are  presented  first.  B.A.C.I.  test 
results  and  a  discussion  of  the  test  value  are  presented  second. 
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Figure  4.1A.  SPRING.  April-May 


oivERSirr.  ajuen.  c.v.  values 


Figure  4. IB.  SUMMER.  June  ~ 
- - - - 1 


DIVERSITY,  FAU..  C.V.  VALUES 


Figure  4.1C.  FALL.  Sept. -Nov. 

Figures  4.1A,  4.1  B,  4.1C.  Coefficient  of  Variation  values  for  diversity,  without 
chironomids.  FPC  (squares),  FCD  pC’s),  FEX.LINE  (diamonds).  1984-90.  A: 
SPRING,  B:  SUMMER,  C:  FALL 
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Figure  4.2A.  SPRING,  April-May 


Figure  4.2C.  FALL,  Sept. -Nov. 


Rgures  4.2A,  4.2B,  4.2C.  Coeffident  of  Variation  values  for  Evenness,  w/o 
chironomids.  FEX  (squares),  FCD  (X’s),  FEX.UNE  (diamonds).  1984-1990.  A: 
SPRING  B:  SUMMER  C:  FALL 


Figure  4.3A.  SPRING.  April-May 


Rgures  .3A,  4.3B,  4.3C.  Coefficient  of  Variation  values  for  Richness,  w/o 
chironomids.  FEX  (squares),  F=CD  (X’s),  FEX.UNE  (diamonds).  1984-1990.  A: 
SPRiNG  B:  SUMMER  C:  FALL 
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K).  iNOiVIOUM.S<  amiNQ.  C.V.  VALUES 


Figure  4.4A.  SPRING.  April-May 


M.  INDIVIDUALS.  SUMBI.  C:V.  VALUES 


Fig^lre  4.4B.  SUMMER  June-Aug. 


NO.  INDIVIDUALS.  MLL.  C.V.  VALUES 


Figure  4.4C.  FALL.  Sept. -Nov. 

Rgures  4.4A,  4.4B,  4.4C.  Coefficient  of  Variation  values  for  Numbers  of 
Individuals,  w/o  chironomids.  FEX  (squares),  FCD  (X’s),  FEX.1JNE 
(diamonds).  1984-1990.  A:SPRING  B:  SUMMER  C:  FALL 
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Two-way  ANOVA  tests  were  performed,  season  by  season  for  H’,  J’,  S', 
numbers  of  individuals,  and  %  chironomid  dominance  with  chironomids  as  a 
single  taxonomic  unit  ^able  4.1). 

TABLE  4.1 

2-Way  ANOVA  Tests  for  Seasonal  Differences.  FEX  vs.  FCD 
Structural  Community  Parameters,  WITH  CHIRONOMIDS 

F  VALUES.  LEVELS  OF  SIGNIRCANCE 


Parameter,  source 


DIVERSITY 


Site,  Year 


EVENNESS,  Arcsin. 


Site,  Year 


RICHNESS 


Site 


NO.  INDIVIDUALS 


Site 


Site 

1 

11.«*** 

0.07  n.s. 

26.35*** 

Year 

6 

9.82*** 

9.06*** 

9.78*** 

1.67  n.s. 


241.53* 


1.78  n.s. 


Site 

1 

9.75*** 

3.86  n.s. 

27.58*** 

Year 

6 

8.30*** 

9.22*** 

16.17*** 

1.56  n.S. 


Year 

6 

13.88*** 

16.57*** 

15.69*** 

Site,  Year 

6 

2.02  n.s. 

1.66  n.s. 

1.58  n.s. 

7.06** 


Year 

6 

10.54*** 

15.63*** 

2.60* 

Site,  Year 

6 

i58* 

6.33*** 

1.19  n.s. 

CHIRONOMID  DOM. 


Site 


Year 


Site,  Year 


p  <.05  =  *;  p  <.01  =  **;  p  <  . 

error  D.F. 


14.54*** 

8.91* 

44.14*** 

11.31*** 

2.99** 

26.14*** 

5.11*** 

2.01  n.s. 

1.48  n.s. 

126 

196 

196 
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When  chironomids,  as  a  single  taxonomic  unit,  were  included  in  the 
analyses,  there  were  no  significant  interactions  between  years  and  sites  for 
diversity,  evenness,  and  taxon  richness  during  the  spring,  summer,  and  fall 
seasons  over  the  years  (Table  4.1).  During  the  summer  season  were  there  no 
site  differences  for  H’  and  for  J’.  Taxon  richness,  numbers  of  individuals,  and 
numerical  dominance  of  chironomids  showed  significant  year  and  site 
differences  for  each  of  the  three  seasons.  Chironomids  can  dominate  other 
taxa  in  the  samples.  Rgure  4.5  shows  that,  in  general,  chironomids  dominate 
the  samples  more  at  FCD  than  at  FEX  (more  points  are  below  the  zero 
difference  line).  This  higher  dominance  at  FCD  results  in  both  H’  and  J’  being 
lower  at  FCD  relative  to  FEX  when  chironomids  as  a  single  taxonomic  unit  are 
included  in  the  Two-Way  ANOVA  tests  seen  in  Table  4.1. 


CHIRONOMIDS.  %  NUMERICAL  DOMINANCE 


DIFFERENCES.  CFEX-FC03  19»4>19SO 


Figure  4.5.  Differences  in  mean  numerical  dominance  of 
chironomids.  FEX  -  FCD.  April,  1984  -  November,  1990. 
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2-Way  ANOVAS  without  chironomids  were  performed  to  minimize  the  bias ' 
inherent  in  having  differential  numbers  of  chironomids  at  the  two  sites  (Table 
4.2).  Two-Way  ANOVA  values  for  H’  and  J*  without  chironomids  are  more 
reflective  of  the  actual  samples,  given  the  limits  of  our  time  for  identifications. 
Both  summer  and  fall  seasons  lacked  significant  interaction  terms  for  H'  and  J' 
when  chironomids  were  excluded  from  the  tests.  Significant  main  effects  and 
interaction  terms  occurred  for  numbers  of  individuals,  whether  or  not 
chironomids  were  included  in  the  analysis.  Numbers  of  individuals  varied 
greatly  and  CV  values  for  them  were  high  over  the  seasons  (Figures  4.4A  - 
4.4C). 


TABLE  4.2 

2-Way  ANOVA  Tests  for  Seasonal  Differences,  FEX  vs.  FCD 
Structural  Community  Parameters,  WITHOUT  CHIRONOMIDS 


F  VALUES,  LEVEL  OF  SIGNIFICANCE 


Parameter, 

Source 

Degrees 

of 

Freedom 

Spring 

Summer 

FsM 

DIVERSITY 

Site 

1 

8.69** 

11.87*** 

2.66  n.s. 

Year 

6 

2.68* 

5.15*** 

9.50*** 

Site,  Year 

6 

Z43* 

1.10  as. 

1.44  as. 

EVENNESS,  Arcsin. 

Site 

1 

20.22*** 

29.01*** 

17.80*** 

Year 

6 

5.03*** 

2.98** 

6.72*** 

Site,  Year 

6 

4.31*** 

1.39  as. 

1.68  as. 

NO.  INDIVIDUALS 

Site 

1 

28.40*** 

201.33*** 

81.93*** 

Year 

6 

8.68*** 

9.15*** 

8.19*** 

Site,  Year 

6 

3.61** 

4.15*** 

3.21** 

p  <.05  =  *:  p  <.01  =  **;  p  <  .001  -  *** 

ERnoeD.F.  126  196  196 
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Diversity  values  for  any  given  spring  from  1984  through  1990  differed 
between  sites  (Figure  4.6A).  However,  in  the  summer  months,  patterns 
between  the  two  sites  were  similar,  with  June  of  each  year  showing  the  lowest 
values  relative  to  the  remaining  months  of  summer  (July,  August)  at  the  two 
sites  (Rgure  4.6B).  There  were  no  significant  interaction  effects  in  the  summer 
season  (Table  4.2).  The  fall  period  was  similar  to  the  summer  in  that  both 
sites  tracked  each  other  each  year  (Figure  4.6C).  In  that  season,  there  were 
no  significant  site  differences  nor  significant  interaction  between  years  and 
sites.  However,  year  to  year  fail  fluctuations  were  significantly  different.  This 
was  especially  apparent  in  November  of  1986  and  1987  when  there  were  no 
depressions  at  either  site  (Rgure  4.6C).  Late  fail  and  winter  months  were  very 
mild.  Not  only  did  H’  remain  high,  but  numbers  of  individuals  remained  at  high 
levels  as  well  (Figure  4.9C). 

Evenness  values  showed  significant  site  and  year  interactions  during  the 
spring  months  (Table  4.2;  Rgure  4.7A).  In  1984  J’  was  higher  at  FEX  than  at 
FCD  in  the  spring.  In  1986  and  1987,  both  J’  and  H’  were  much  lower  at  FEX 
than  at  FCD.  (Note  that  in  May  of  1987,  tfie  U.S.  Rsh  and  Wildlife  Service 
used  a  lampricide  in  the  Ford  River.  I  was  able  to  collect  samples  at  FCD 
before  the  lampricide  reached  the  site,  but  was  unable  to  do  so  for  the 
experimental  site.).  In  1988  and  1989  the  two  sites  were  similar,  but  in  1990, 

J’  at  FEX  was  lower  than  at  FCD.  This  resulted  in  the  main  factors  and  the 
interaction  term  being  significant  for  that  season. 

Numbers  of  taxa  (S’)  were  usually  higher  at  FEX  than  at  FCD  each  year 
(Rgures  4.8A,  B,  and  C).  During  the  summer,  stable  period,  FEX  had 
substantially  more  taxa,  resulting  in  the  differences  between  sites  being 
significant  to  a  p  value  <.001.  Samples  from  FEX  over  the  years  almost 
always  yielded  more  taxa  and  individuals.  The  more  heterogeneous  substrata 
at  FEX  may  be  the  main  factor  relating  to  a  numerically  and  taxonomically 
richer  insect  fauna. 

Rgures  4.9A,  B,  and  C  show  that  the  peak  numbers  of  individuals 
(excluding  chironomids)  were  usually  higher  at  FEX  than  at  FCD.  In  spite  of 
this,  there  were  significant  interactions  between  years  and  sites  in  the  spring 
and  summer  seasons.  Numbers  of  individuals  vary  greatly  among  samples. 

In  the  June  of  1989  when  numbers  of  individuals  peaked  at  FEX  they  dropped 
to  their  lowest  levels  at  FCD  (Rgure  4.9B),  resulting  in  a  highly  significant 
interaction  term  for  that  season  (T able  4.2).  This  parameter  has  the  highest 
coefficient  of  variation  values  of  all  nine  biological  parameters  analyzed  for  this 
Element  (compare  Figures  4.4A  -  4.4C  with  Rgures  4.1  A  through  4.3C). 
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Figure  4.6C.  H’  FALL 

Figures  4.6  A  -  C:  H’  without  chironomids.  1984  1990.  FEX  (squares),  FCD 
(X’s),  FEX.UNE  (diamonds).  A:  SPRING  B:  SUMMER  C:  FALL 


I 
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Figure  4.7B.  J*  SUMMER 


Figure  4.7C.  J'  FALL 


Figures  4.7  A  -  C.  J'  without  chironomids.  1984  -  1990.  FEX  (squares),  FCD 
PC’s),  FEX.UNE  (diamonds).  A:  SPRING  B:  SUMMER  C:  FALL 


Rgure4.8B.  S'.  SUMMER 


Rgure  4.8C.  S’.  FALL 

Rigures  4.8A-C.  Taxon  Richness  (S')  with  chironomids  as  one  taxon,  1984-90. 
FEX  (squares),  FCD  (X’s),  FEX.UNE  (diamonds) 

A:  SPRING  B:  SUMMER  C:  FALL 


Rgure  4.9A.  No.  Individuals,  SPRING 


Rgure  4.9B  No.  Individuals,  SUMMER 


Rgure  4.9C.  No.  individuals,  FALL 

Rgures  4.9  A  <  C.  Numbers  of  individuals,  without  chironomids.  1984  -  1990. 
FEX  (squares),  FCD  p<’s),  FEX.IJNE  (diamonds). 

A:  SPRING  B:  SUMMER  C:  FALL 


After  ELF  activation  in  1986,  both  intensities  and  durations  of  ELF  fields 
increased  until  full  power  was  initiated  in  the  fall  of  1989.  Although  ELF  fields 
may  be  related  to  changes  in  structural  community  parameters,  other  physical 
factors  may  well  be  influential  in  altering  those  parameters.  Discharge  and  a 
related  physical  variable,  water  temperature,  also  varied  after  1986.  In  some 
seasons,  namely  the  spring  and  fall,  discharge  and  water  temperatures 
differed  before  versus  after  ELF  activation.  These  physical  variables  must  be 
taken  into  consideration  when  analyzing  whether  ELF  ground  field  exposures 
affected  insect  structural  community  parameters. 

In  order  to  determine  whether  discharge,  water  temperatures,  and/or  ELF 
cumulative  ground  exposure  values  affected  H’,  J’,  S’,  numbers  of  individuals, 
or  percent  chironomid  dominance,  multiple  regression  tests  were  performed 
for  each  site,  season  by  season.  All  physical  variables  were  either  averaged 
(discharge)  or  accumulated  from  the  beginning  to  the  end  of  each  substrate 
sampling  period.  Figures  4.10A,  B,  and  C  show  the  seasonal  average 
discharge  values  during  each  month  of  substrate  collection. 


SPRING  DISCHARGE,  APRIL,  MAY,  1904-1990 


a  Fee  4>  Fco 


Rgure  4.10A.  SPRING.  Average  discharge  (mVsec.)  per  month  at  FEX  and 
FCD.  1984-  1990. 


I 
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Rgure  4.10C.  FALL  DISCHARGE 

Rgures  4.10  B.C.  SUMMER  and  FALL  average  discharge  (m’/sec)  at  FEX 
andFCD.  1984-  1990. 


Spring  discharge  values  diminished  after  April  of  1986  (Figure  4.10A).  They 
began  rising  again  in  1989  but  never  approached  the  values  from  1984 
through  1986.  This  pattern  could  obfuscate  any  ELF  ground  field  effects 
because  high  values  prior  to  ELF  activation  and  then  rising  (albeit  lower) 
spring  discharges  after  ELF  activation  could  correlate  with  ELF  cumulative 
exposure  values.  Summer  discharges  (Figure  4.1  OB)  are  more  random 
through  time  than  are  spring  discharges  and  are  not  expected  to  be  correlated 
with  cumulative  ELF  exposures.  Figure  4. IOC  shows  that  discharge  values 
were  very  high  in  October,  1985.  After  September  of  1986,  discharges  were 
generally  lower.  In  1990,  they  rose  as  compared  to  1989  levels.  Fall 
discharge  values  are  not  expected  to  correlate  with  ELF  fields  as  much  as 
values  for  the  spring  months. 

Water  temperatures  at  the  two  sites  were  used  to  accumulate  degree  day 
values  over  each  year,  with  the  minimum  value  for  accumulation  being  2°C. 
Those  cumulative  degree  day  values  are  presented  Rgures  4.11  A,  B,  and  C, 
according  to  season. 


DEGREE  DAYS,  SPRING  CA,  M;  1984-1990) 


a  w  4-  PCD 


Rgure  4.11  A.  SPRING  Cumulative  Degree  Days 

Rgure  4.10A.  SPRING  cumulative  degree  days  fC)  at  FEX  and  FCD,  1984  - 
1990.  (Note:  values  between  years  are  connect^.) 
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Figure  4. 11B.  SUMMER 


DEGREE  DAYS.  FALL  CS  -  Nj  1984-1990D 


Figure  4.1 1C.  FALL 

Rgures  4.11  B,  C.  SUMMER  and  FALL  cumulative  degree  days  (“C)  at  FEX 
and  FCO.  1984  -  1990.  (Note:  Values  between  years  are  connected.) 


Each  May,  until  1988,  cumulative  degree  days  continued  to  rise.  From  May 
1988  through  May  1990  spring  water  temperatures  were  similar  (Figure  4.11  A). 
In  the  summertime,  the  maximum  cumulative  water  temperatures  occurred  in 
August  of  1988.  The  last  year  of  our  completed  data  analysis,  1990,  was 
similar  to  1985  in  terms  of  cumulative  degree  days.  As  full  power  of  ELF  fields 
was  operational  in  1990  and  there  was  no  ELF  activation  in  1985,  one  would 
not  expect  much  in  the  way  of  correlations  between  cumulative  degrees  and 
ELF  cumulative  exposure  during  the  summer  season  over  all  years.  The  fall 
season  generally  increased  in  cumulative  degree  days  over  the  years  until 
September  of  1989,  the  time  when  ELF  was  fully  operational.  However,  the 
period  from  the  fail  of  1986  through  the  fail  of  1990  shows  an  increase  and 
then  a  decrease  in  cumulative  degree  days.  As  ELF  activity  was  increased  in 
duration  and  intensity  over  that  period,  one  would  expect  a  minimum 
relationship  between  cumulative  degrees  and  ELF  cumulated  exposure  after 
ELF  activatiori. 

Cumulative  ELF  ground  field  exposure  to  the  insects  were  determined  by 
taking  the  date  the  samplers  were  put  in  the  stream  (Day  0)  and  then 
summing  the  daily  exposure  values  until  the  samplers  were  retrieved.  The 
time  span  was  28  to  30  days  for  May  through  October  each  year.  April 
samples  would  have  been  in  samplers  at  the  sites  from  mid-September  of  the 
previous  year.  Rgure  4.12  presents  the  data  in  arithmetic  form,  and  Figure 
4.13  presents  the  data  as  a  semi-log  plot. 


FCD(pluses).  April  1986  -  November  1990.  Arithmetic 
Plot. 
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LCG  CUM.  ELF  GROUND  FIELDS,  SUBSTRATES 


Rgure  4. 13.  Log  cumulative  ELF  ground  field  exposure,  1986-1990. 
FEX:  squares.  FEX.LiNE:  diamonds,  FCD:  X*s. 


Multiple  regressions  were  performed,  using  years,  ELF  ground  field 
cumulative  exposure,  discharge,  and  cumulative  degree  days  O’able  4.3).  The 
data  were  grouped  season  by  season  and  regressions  were  run  on  all  five 
structural  community  parameters  for  each  site  separately  to  see  which  of  the 
independent  physical  variables  accounted  for  most  of  the  variation  in  the 
biological  parameters.  If  values  were  above  0.50  and  ELF  exposure 
affected  the  parameters,  one  would  expect  F  values  at  FEX  to  be  high  relative 
to  the  other  independent  parameters  and  bw  at  FCD  relative  to  the  other 
independent  parameters. 

Diversity,  evenness,  and  numbers  of  individuals  db  not  include  chironomids 
as  a  taxonomic  unit  Taxon  richness  values  only  counted  chironomids  as  one 
taxon.  Percent  numerical  dominance  by  (^ironomids  was  the  ratio  between 
numbers  of  chironomids  to  total  numbers  of  indMduals.  Evenness  values 
were  transformed,  arc  sine  of  square  rcxst  of  Y,  and  percent  data  were 
transformed  (arc  sine  of  square  root  of  Y/100). 

Spring;  Discharge  accounted  for  mudi  of  the  variation  in  the  biological 
variables  when  the  R’  was  above  0.50;  namely,  numbers  of  individuals,  and 
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percent  numerical  dominance  by  chironomids  at  FEX  and  at  FCD.  F  values 
for  numbers  of  individuals  were  highest  for  discharge  at  each  of  the  sites.  ELF 
exposure  F  values  were  high  for  chironomid  dominance  at  both  sites,  rather 
than  only  at  the  experimental  site.  The  next  largest  F  values  at  the  sites  were 
for  discharge.  It  appears  that  because  foe  independent  parameter,  year,  had 
relative  high  F  values  as  well,  it  may  be  that  systematic  yearly  differences  since 
ELF  activation  may  be  more  important;  e.g.,  discharge.  In  foe  spring  months, 
numerical  dominance  of  chironomids  after  ELF  activation  showed  a  pattern: 
There  was  an  increasing  chironomid  dominance  from  1987  to  1989  and  then  a 
steep  decrease  at  FEX  from  May  of  1989  through  May  of  1990  (Rgure  4.14A). 
Because  chironomid  dominance  increased  over  foe  years  after  ELF  activation, 
it  is  expected  that  years.  ELF,  and  discharge  (Figure  4.10A)  would  be  related 
to  one  another.  They  were,  both  at  FEX  and  at  FCD,  foe  reference  site. 

TABLE  4.3 

Multiple  Linear  Regressions  for  Biotic  Parameters  versus 
E.LF.  Cumulative  Exposure,  Discharge,  Cumulative  Degree  Days 

Spring  (1987-90) 


SPRING 

_  Dependent  Variables,  FP  and  F  Values 


Independent 

Variables 

H' 

J‘ 

S' 

# 

Indhrid. 

Chiro. 

Dom.% 

FEX 

.332 

.461 

.362 

.566 

.558 

Years 

8,836 

11.000 

0.937 

5Z48 

6.354 

ELF 

9.307 

73.229 

0.006 

1Z840 

15.163 

Diacharg9 

Z839 

15.890 

14.671 

15.114 

13.630 

Cum.D.Oajfa 

8.7SS 

8J08 

0.183 

6669 

1.534 

FCD 

pF 

.267 

.132 

.424 

.571 

.646 

Years 

Z271 

0.078 

3.469 

6.698 

46016 

ELF 

0.996 

0Z68 

0.569 

1.650 

3Z479 

Oischaig0 

8.333 

0.006 

20.570 

36919 

26.316 

Cum.D.Daya 

6.844 

5.084 

0.475 

Z479 

1.878 

BOLDFACE  WHEN  R*>.50 
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CHIRONOMIDS.  X  NUMERICAL  DOMINANCE 


Figure  4.14A.  Chironomid  numerical  cksminance  at  FEX  (squares) 
and  FCO  (pluses).  1984<19go.  SPRING  (Aprils  May). 

Summer:  Coefficient  of  Multiple  Detennination  values  were  above  0.50  for 
four  of  the  five  biotic  parameters  at  FEX  and  for  three  of  the  five  biotic 
parameters  at  FCD  (Table  4.4).  At  FEX,  there  were  high  F  values  for 
discharge  and/or  cumulative  degree  days  versus  H’,  J’,  S’,  and  Chironomid 
Dominance.  At  FEX,  there  were  high  F  values  for  discharge  and/or 
cumulative  degree  days  versus  H’,  J’,  and  S’.  ELF  fields  were  also  high  for  H, 
J’,  and  chironomid  dominance.  Most  important  was  the  fact  the  F  values  for 
ELF  fields  were  similarly  high  at  FEX,  the  experimental  site  and  at  FCD,  the 
reference  site.  ELF  field  exposure  increased  as  years  increased.  Note  that 
the  independent  variable,  years,  also  has  relatively  high  F  values.  Other 
independent  variables  are  related  to  years.  Because  FEX  and  FCD  show  high 
F  values  for  ELF  exposure  and  years,  ttie  other  independent  factors  appear  to 
be  more  related  to  the  dependent  variables  than  ELF  exposure.  Discharge, 
after  June  of  1986  varied  over  the  years,  with  peak  discharges  occurring  in 
June  of  1989  and  June  of  1990  (Rgure  4.10B).  H’,  J’,  and  S’,  as  well  as 
chironomid  dominance  dropped  dramatically  for  months  with  high  discharge. 
Cumulative  degree  days  increased  until  August  of  1988  and  then  descended 
again  until  1990. 
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TABLE  4.4 

Multiple  Linear  Regressions  for  Biotic  Parameters  versus 
E.LF.  Cumulative  Exposure,  Discharge,  Cumulative  Degree  Days 

Summer,  1986  -  1990 


SUMMER 

Dependent  Variables,  and  F  Values 


Rgure  4.14B.  Chironomid  numerical  dominance 
at  FEX  (squares), FCD(X’s),FEX.LINE 
(diamonds)  1984-90.  SUMMER  (June  -  August). 


Fall:  After  ELF  activation,  most  coefficient  of  multiple  determination  values 
were  above  0.50  at  FEX  and  none  were  above  0.50  at  FCO  (Table  4.5).  The 
highest  F  values  were  for  cumulative  degree  days  at  FEX.  From  the  fall  of 
1986  through  the  fall  of  1989  cumulative  degree  days  increased  (Rgure 
4.1 1C).  Only  in  1990  did  cumulative  degree  days  drop  to  the  pre-ELF 
activation  levels.  Discharge  accounted  for  little  of  the  variance  in  the  biotic 
parameters,  which  contrasts  with  the  spring  season  where  discharge 
accounted  for  much  of  the  variance.  In  summary,  after  ELF  activation,  biotic 
parameters  in  the  spring  were  more  related  to  discharge;  in  the  summer  they 
were  related  to  discharge  and/or  cumulative  degree  days,  and  in  the  fall  they 
were  more  related  to  cumulative  degree  days.  The  most  harsh  non- 
anthropogenic  factor  to  rheophilic  aquatic  insect  communities  is  often  flooding. 
When  flooding  is  minimal,  changes  in  water  temperatures  are  effective  cues  to 
changes  in  the  insect  communities,  if  flooding  occurs  during  the  summer  or 
the  fall,  one  can  expect  to  see  biotic  responses,  which  were  seen  in  June  of 
1989  and  1990. 

TABLE  4.5 

Multiple  Linear  Regressions  for  Biotic  Parameters  versus 
E.LF.  Cumulative  Exposure,  Discharge,  Cumulative  Degree  Days 

Fall,  1986  -  1990 


EALL 


Dependent  Variables,  and  F  Values 


Independent 

Variables 

H’ 

m 

5' 

# 

Individ. 

Chiro. 

Dom.% 

FEX 

R* 

.619 

.456 

.754 

.708 

.677 

Years 

$.800 

3.089 

13.889 

0.497 

1.040 

ELF 

0.699 

0.687 

0.421 

2706 

2379 

Discharge 

0.402 

0.079 

1.848 

0.348 

0.304 

Cum.D.Daya 

22.074 

10.403 

33.412 

28.439 

2123 

FCO 

pF 

.102 

.193 

.053 

.250 

.426 

Years 

0.450 

0.386 

0.537 

1.012 

4.489 

ELF 

0.984 

2082 

0.079 

2407 

12133 

DIschaigs 

0.010 

0.463 

0.307 

7.316 

20242 

CumJ).Days 

1.712 

1.585 

0.000 

1.154 

0.960 
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CHinONOMIDS^  %  NUwCRICAL  DOMINANCE 


Figure  4.14C.  Chironomid  numerical  dominance  at  FEX 
(squares),  FCD  (X’s),  and  FEX.UNE  (diamonds).  1984-1990. 
FALL  (September  -  November). 


Trie  multiple  regression  analyses  included  data  after  ELF  activation,  and  trie 
two  sites  were  treated  separately  for  analysis.  Priysical  factors  otrier  trian  ELF 
cumulative  exposure  were  often  found  to  be  relat^  to  the  biotic  parameters. 
One  type  of  intervention  analysis,  the  B.A.C.I.  method,  was  used  to  see 
whether  there  were  systematic  differences  before  versus  after  ELF  activation. 

In  this  analysis,  data  from  1984  through  1990  are  used,  and  comparisons 
between  the  two  sites  are  made.  One  major  drawback  of  the  B.A.C.I.  method, 
however,  is  that  only  sample  means  are  used.  When  variance  is  high,  as  is 
often  the  case  for  field-derived  data,  the  B.A.C.I.  does  not  take  into  account 
those  variances.  The  B.A.C.I.  procedure  certainly  avoids  the  problem  of 
pseudoreplication  (see  Huriberi  1984),  but  the  costs  of  that  gain  are  the 
losses  in  incorporation  of  variation  among  samples.  Resolutions  to  this 
dilemma  may  appear  in  the  next  Annual  Report,  with  ^e  help  of  Dr.  Abdul 
Shaarowi,  a  biostatistidan  helping  ITTRi  in  their  review  of  the  Reports. 

B.A.C.I.  tests  were  performed  on  the  seasonal  datasets  where  chironomids 
were  exduded,  so  that  the  effect  of  identifying  chironomids  only  to  family  level 
would  not  seriously  impact  H’  and  J’  indices.  The  primary  value  in  using 
B.A.C.I.  tests  is  that  one  can  detect  a  before  versus  after  effect  on  a  large 
data  set.  One  restriction  of  the  B.A.C.I.  method  is  that  one  uses  only  sample 
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means  rather  than  all  the  sample  values.  In  order  to  run  the  tests,  the  data 
set  prior  to  impact  (in  our  case,  the  years  1984,  1985,  and  the  spring  of  1986) 
must  pass  the  test  of  additivity,  and  therefore,  not  show  significance  in  a  linear 
regression  analysis.  With  the  small  numbers  of  values,  there  is  always  a 
chance  that  the  data  will  not  "pass  the  regression*  test  This  happened  once 
for  diversity,  evenness,  percent  numerical  dominance  for  chironomids.  and 
twice  for  numbers  of  individuals. 

Table  4.6  presents  results  of  B.A.C.i.  tests  for  structural  community 
parameters  on  a  season  by  season  basis.  In  the  tests,  where  t-tests  were 
possible,  there  were  significant  differences  only  for  J’  in  the  summer  season. 
Thus,  for  the  10  tests  that  passed  the  test  for  additivity,  only  one  showed  a 
significant  before  versus  after  effect. 


TABLE  4.6 

Results  of  B.A.C.I.  Comparisons  for  Structural 
Community  Parameters;  Spring,  Summer,  Fall 

Spring  BEFORE:  1984-1986,  AFTER:  1987-1990 
Summer  BEFORE:  1984-1985,  AFTER:  1986-1990 
Fall  BEFORE:  1983-1985,  AFTER:  1986-1990 


Index, 

Comparison 

Trans¬ 

form 

Type 

Tukey’s  Test 
for  Additivity 

t-test, 

Signif . 

df. 

F-value , 
sig. 

df . 

T-value 

sig. 

DIVERSITY 

Spring 

NO 

4 

51.57** 

n.a. 

Summer 

NO 

4 

3.64 

19 

-0.913 

Fall 

NO 

7 

0.30 

25 

0.44 

EVENNESS 

Spring 

Arcs in 

4 

21.06** 

n.a. 

Summer 

Arcs in 

4 

4.63 

19 

14.051*** 

Fall 

Arcs in 

7 

0.76 

25 

0.765 

RICHNESS 

Spring 

NO 

4 

7.63 

12 

-0.257 

Summer 

NO 

4 

6.54 

19 

-1.291 

Fall 

NO 

7 

1.72 

25 

-1.832 
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Table  4.6,  continued 


Index, 

Comparison 

Trans¬ 

form 

Type 

Tukey's  Test 
for  Additivity 

t-test, 

Signif . 

df. 

F-value, 

sig. 

df. 

T-value 

sig. 

NO.  INDIVIDUALS 

Spring 

log(X+l)  4 

5.71 

12 

-1.128 

Summer 

log(X+l)  4 

135.43*** 

n.a. 

Fall 

log(X+l)  7 

21.17*** 

n.a. 

CHIRONOMID 

DOMINANCE 

Spring 

NO 

4 

-7.70 

12 

0.147 

Summer 

NO 

4 

4.60 

19 

0.433 

Fall 

Arcs in 

7 

68.70*** 

n.a. 

*  «  <.05,  ■ 

**  =  <.01, 

***  »  <.001  n.a. 

■  not 

appropriate 

Evenness  values  at  FEX  oscillated  greatly,  as  compared  with  values  at  FCD 
(Rgure  4.2B).  In  June  of  1989  and  1990  (after  ELF  activation),  there  were 
strong  floods  and  the  resultant  samples  from  FEX  contained  few  individuals 
and  taxa;  J’  was  even  lower  than  H*  in  those  months.  It  is  possible  that  these 
two  events  contributed  greatly  to  B.A.C.I.  significant  difference  for  evenness. 
Therefore,  an  ANCOVA  using  discharge  as  the  independent  variable,  was  run 
for  J’  for  the  summer  (Table  4.7). 


TABLE  4.7 

ANCOVA  for  Mean  Discharge  (m3/sec)  and  J’ 
1984-1990 


Season,  Source 

mm 

SS 

MS 

F,  sign. 

SUMMER,  J' 
Difference  among 
adjusted  means 
Adj .Means 
Error 

1 

207 

2.0734 

13.2173 

2.0734 

.0638 

32.48*** 

Diff.  between 
slopes 

Slopes 

Sum  group  dev. 

1 

116 

4.8360 

8.3813 

4.8360 

.0407 

118.86*** 

Common  slope:  -.19005;  *  =  p<.05,  **  =  p<.01,  ***=  p<.001 
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Table  4.7  shows  that  both  the  means  and  the  slopes  for  J’  versus  discharge 
differed  between  the  two  sites.  The  slope  for  J’  at  FEX  vs.  discharge  was  - 
.322;  whereas,  the  slope  for  J'  at  FCD  vs.  discharge  was  .010 
It  appears  probable  that  discharge  impacted  J’  more  at  FEX  than  any  ELF 
exposure. 


Furx:tional  Community  incfioes 
TotaJ  Insect  Mass  and  Functional  Feeding  Group  Mass: 

For  this  year’s  Annual  Report,  two  additional  biotic  parameters  were  added 
for  analysis;  namely,  chironomid  mass  dominance  and  collector-gatherer  mass 
dominance.  Chironomids,  even  thougf  on  an  individual  basis  are  small,  their 
high  numbers  in  samples  accounts  for  a  large  portion  of  the  total  biomass. 
Many  of  the  species  of  insects  we  follow  for  changes  in  mean  dry  weight  per 
individual  over  time  are  collector-gatherers,  and  that  functional  feeding  group 
is  expected  to  respond  to  any  losses  in  periphyton  that  might  be  caused  by 
ELF  exposure. 

Coefficient  of  variation  (CV)  values  for  the  overall  functional  community 
index,  total  insect  mass,  were  lower  and  fluctuated  less  during  the  summer 
season  than  during  the  spring  or  fall  season  (Rgures  4.15A,  B,  C). 


TOTAL  MASS,  SPRING.  C.V.  VALUES 


Rgure  4.15A.  Total  Insect  Mass  C.V.,  SPRING. 
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TOTAL  MASS,  SUMMER  C.V.  VALUES 


a  m  «  Ks  «  m.LiM 


Figure  4.156.  Total  Insect  Mass  C.V.,  SUMMER 


•  1OT0 

a  *  PCD  ♦  psc.LiM 


Rgurp  4.15C.  Total  Insect  Mass  C.V.,  FALL 

Rgures  4. 156,  4.15C.  Coefficient  of  Variation  values  for  total  insect  mass,  with 
chironomids.  FEX  (squares),  FCD  (X’s),  FEX.LJNE  (diamonds).  1984  -  1990. 
6:  SUMMER  C:  FALL 
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The  spring  period  showed  the  highest  CV  values  (Figure  4.15A).  They  are 
related  to  the  high  spring  discharge  values  (Figure  4.10A),  especially  in  April  of 
1984  and  May  of  1985. 

Rgure  4.16,  a  plot  of  the  mean  difference  between  FEX  and  PCD  for  total 
insect  mass,  shows  that  peak  differences  between  the  two  sites  occurred  at 
least  once  a  year,  even  though  the  amplitude  and  duration  of  tiie  differences 
varied.  The  peak  differences  also  usu^ty  occurred  during  the  summer 
months.  The  msyority  of  the  points  occur  above  the  zero  line  and  indicate  that 
total  insect  mass  is  often  higher  at  FEX  tiian  at  FCD.  The  only  times  that 
insect  masses  were  much  greater  at  FCD  than  at  FEX  was  in  July  of  1985, 

July  of  1988  and  July  of  1990.  The  higher  biomass  at  FCD  was  primarily 
attributable  to  a  predator  (Figure  4.17A),  ODhioaomohus  colubrinus.  a 
dragonfly  for  which  we  studied  movement  patterns  for  the  past  several  years. 
During  the  mild  fall  and  winters  of  1986  - 1987,  the  difference  between  FEX 
and  FCD  remained  high.  Collector-gatherers  (Rgure  4.18A)  and  collector- 
filterers  (Rgure  4.19A)  comprised  the  bulk  of  the  higher  biomass  at  FEX  during 
those  mild  periods. 


DIFFERENCE  VALUESCF6X  -  FCD^ . TOT . B lO . 


MMN  INSKT  810.^  4984  -  1190 


o  HDr-ra 


Rgure  4.16.  Differences  between  mean  total  insect  mass  (mg.)  at 
FEX  versus  FCD.  April  through  November  each  year.  1984  - 1990. 
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The  following  four  pairs  of  graphs  present  mean  differences  between  sites 
for  four  functional  feeding  groups  (Figures  4.17  -  4.20)in  two  ways.  The  first 
graph  of  each  pair  shows  mean  difference  values;  the  second  plot  takes  the 
difference  of  the  percent  of  total  mass  for  the  particular  functional  feeding 
group  between  the  two  sites;  e.g.,  predator  mass/total  mass  X  100  at  FEX 
minus  predator  mass/total  mass  X  100  at  FCD. 


Rgure  4.17A.  Differences  between  mean  predator 
mass  (mg.).  FEX  minus  FCD.  April  through 
November,  1984-90. 


Figure  4.17B.  Percent  differences  between 
predators/totai  mass  at  FEX  minus  those  at  FCD. 
April-November,  1984  -  1990. 


I 

I 

I 
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(mg.).  FEX  minus  FCD.  April  -  Nov.,  1984-1990. 


Figure  4.18A.  Percent  difference  between  coll.gatherers/total 
mass  at  FEX  minus  those  at  FCD.  Ap-Nov.84-90. 
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Figure  4.19A.  Differences  between  mean  collector-filterers/total 
mass  (mg.).  FEX  minus  FCD.  April-November,  1984-90. 


Rgure  4.19B.  Percent  difference  between  collector-filterers/totol 
mass  (mg.)  at  FEX  minus  that  at  FCD.  April  -  Nov.,  1984  - 1990 


Rgure  4.20A.  Differences  between  mean  shredders  (mg.).  FEX 
minus  FCD.  April  -  November,  1984  - 1990. 


Rgure  4.20B.  Percent  difference  between  shredders/total  mass 
at  FEX  minus  that  at  FCD.  April-Nov.,  1984-1990. 


I 
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When  biomass  values  of  functional  feeding  groups  are  first  related  to  the 
total  mass  for  the  sample  from  which  they  are  derived,  the  differences 
between  FEX  and  FCD  are  reduced  (compare  Figures  4.17B  through  4.20B 
with  Figures  4.17A  through  4.20A).  Total  insect  mass  at  FEX  is  usually  higher 
than  at  FCD,  but  the  proportion  of  functional  feeding  groups,  relative  to  total 
mass,  is  more  similar  between  the  .sites.  Therefore,  statistical  analyses  drew 
from  dominance  (or  percent  of  total  mass)  data 

As  shown  for  structural  community  parameters,  chironomids  comprise  a 
large  portion  of  the  insects  in  samples  at  both  sites.  The  biomass  of 
chironomids  as  individuals  is  small;  however,  the  numbers  of  chironomids  are 
large  enough  that,  often,  a  large  proportion  of  the  mass  is  attributable  to  that 
family.  In  this  report,  chironomid  biomass  dominance  was  also  added  to  the 
analysis.  Rgure  4.21  shows  the  difference  between  the  two  sites  in  terms  of 
percent  dominance,  by  biomass,  of  that  group. 


CHIRONOMIDS.,  %  OF  TOTAL  MASS 


Figure  4.21.  Percent  difference  between  chironomids/total 
mass.  FEX  minus  FCD.  April  -  November,  1984  -  19^. 


Peak  differences  where  FEX  values  were  high  often  occurred  in  July  of 
each  year.  FCD  values  were  often  higher  in  the  fall.  These  patterns  occurred 
over  the  seven  years  (before  and  after  ELF  activation). 

Another  parameter,  which  is  biologically  meaningful  in  community  analyses, 
is  the  relationship  between  predators  and  their  prey  (Rgure  4.22). 
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Figure  4.22.  Predator/Prey  ratio  differences;  FEX  minus  FCD. 

April  -  November  1984  •  1990. 

Until  1990,  predator /prey  mass  ratios  between  the  sites  osctliated  around 
the  zero  point  with  one  major  exception.  In  April  of  1986,  many  dragonflies 
and  predatory  stoneflies  were  taken  from  samples  at  FE)C  In  ^  summer  of 
1990,  more  predators  relative  to  their  potential  prey  were  collected  at  FEX 
(Figure  4.22).  Rgures  4.16  and  4.17  show,  however,  that  those  samples  were 
very  low  in  total  mass  and  in  predator  mass.  Thus,  of  the  total  mass  at  FEX  in 
those  months,  a  high  proportion  were  predators. 

Four  functional  feeding  group  parameters  were  used  for  statistical 
analysis:  Total  mass,  percent  chironomid  dominance,  percent  collector- 
gatherer  dominance,  and  predator/prey  ratios.  The  data  were  separated  into 
seasons  to  determine  statistical  patterns  based  on  naturally  grouped  data.  By 
grouping  the  data  into  seasons,  several  patterns  emerged  that  had  been 
obscured  when  the  months  were  separate  (See  3-Way  ANOVAS,  1990  Annual 
Report,  p.  216,  221).  Two-Way  ANOVA  tests  for  the  seasonal  data  appear  in 
Table  4.7.  In  only  two  cases  of  the  possible  12  were  there  significant 
interactions  between  site  and  year  (total  mass  in  the  fall  and  predator/prey 
ratios  in  the  summer). 

Total  mass  was  not  significant  for  year  or  site  differences  in  the  summer 
months,  which  have  the  lowest  coefficient  of  variation  values  (Figure  4.1  SB). 
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TABLE  4.7 

2-Way  ANOVA  Tests  for  Seasonal  Differences.  FEX  vs.  FCD 
Functional  Community  Parameters,  WITH  CHIRONOMIDS 
F  VALUES,  LEVELS  OF  SiGNIRCANCE 


1  PARAMETER, 

1  SOURCE 

D.F. 

SPRING 

SUMMER 

FALL 

Site 

1 

3.01  rts. 

0.70  as. 

20.35  *** 

Year 

6 

7.01  *** 

15.78  *** 

Site,  Year 

6 

0.90  n.s. 

1.02  as. 

4.27  ***  1 

COLL-GATHERER 

DOMINANCE 

1 

Site 

1 

6.57* 

7.98  ** 

Year 

6 

2.88* 

5.96  *** 

4.14  *** 

Site,  Year 

6 

0.68  n.s. 

0.68  n.s. 

CHIRONOMID 

DOMINANCE 

Site 

1 

0.40  n.s. 

mm 

6.77* 

Year 

6 

2.46* 

1.56  as. 

8.04  *** 

Site,  Year 

6 

0.29  n.s. 

0.99  n.s. 

1.87  as. 

PREDATOR/PREY 

RATIO 

Site 

1 

6.86* 

23.15  *** 

3.08  as. 

Year 

6 

1.62  as. 

5.33  *** 

Site,  Year 

i _ 1 

1.88  as. 

2.39* 

p  <.05  -  p  <  .01  *  **;  p  <  .001  =  *** 
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In  the  spring  months  of  1986  and  1987  total  mass  of  Insects  was  higher 
than  for  spring  in  other  years.  This  was  reflected  in  year  differences  for  the 
spring  months.  During  the  summer  months,  the  site  differences  and  ye^ 


differences  were  not  significant,  it  is  during  these  times  that  total  insect  mass 
is  usually  at  its  highest.  As  for  structural  community  parameter  data,  total 
insect  mass  fluctuated  between  sites  and  among  years  during  the  fall.  Total 
mass  was  usually  much  higher  at  FEX  than  at  FCD  (Figure  4.16).  Some  years 
the  differences  were  high  (1985,  1986)  and  some  years  they  were  small  (1985, 
1987,  1988).  There  appears  to  be  no  consistent  pattern  relative  to  ELF 
activation.  Had  the  ^1  data  been  incorporated  into  the  spring  and  summer 
analyses,  it  is  probable  that  all  main  effects  and  interaction  terms  would  have 
been  significant. 

Although  collector-gatherer  dominance  data  had  no  significant  interaction 
terms  for  each  of  the  three  seasons,  there  were  significant  site  effects  and 
year  effects.  Values  for  this  parameter  oscillate  within  seasons  each  year,  and 
the  year  to  year  differences  diminish  over  time  (Rgure  4.19B). 

Chironomid  dominance  was  higher  at  FEX  in  the  summer  season,  but 
higher  at  FCD  in  the  fall  (Rgure  4.21),  resulting  in  significant  site  effects  for 
those  two  seasons  (Table  4.7).  In  the  summer,  the  differences  between  the 
two  sites  that  had  been  large  and  usually  higher  at  FEX  diminished  over  the 
years.  In  the  fall  season,  FCD  usually  had  the  highest  chironomid  dominance, 
but  over  the  years,  dominance  began  to  approach  that  of  FEX. 

In  the  summer,  predator-prey  ratios  were  usually  higher  at  FCD  than  at 
FEX,  but  in  1990  they  were  always  higher  (Rgure  4.22),  probably  accounting 
for  the  significance  for  all  terms  CTable  4.7).  The  ratios  oscillated  equally 
between  FEX  and  FCD;  however,  in  the  fall  three  months  of  1986  and  1990 
they  were  higher  at  FEX. 

Physical  Factors  as  Related  to  Functional  Community  Variables 

Discharge  and  water  temperature  were  shown  to  be  related  to  structural 
community  variables,  and  was  expected  to  be  related  to  functional  community 
variables  as  well.  Table  4.8  gives  correlation  coefficient  (CC)  values  among 
insect  mass,  diatom  density,  discharge  and  water  temperatures  from  October 
1983  through  October  1990.  (November  through  March  data  each  year  are 
usually  excluded,  as  discharge  data  were  normally  lacking  during  those  times.) 
Both  discharge  and  water  temperatures  were  significantly  correlated  with 
insect  mass.  Those  physical  factors  were  also  correlated  with  diatom  density, 
but  at  a  lower  CC  value. 
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TABLE  4.8 


Correlation  Coefficients  for  Biological 
and  Physical  Parameters  from  October  1983 
through  October.  1990. 

Ln  Perif. 

Ln  Insect 

Water 

Discharge 

Density 

Biomass 

Temp. 

Rate 

NO/M2  X  10-8 

mg  X  10-1 

•c. 

M3/Sec. 

Ln  Perif. 

1.00 

Ln  Insect 

.54 

1.00 

Water 

.35 

.56 

1.00 

Discharge 

-.37 

-.53 

-.44 

1.00 

Critical  value  (1-tail,  .05)  -  ±  0.22 
Critical  value  (2-tail,  .05)  *  ±  0.26 


Rgure  4.23A  shows  a  regression  of  discharge  versus  In  of  the  total  insect 
mass  X  10*'  in  Rgure  4.23B,  the  dependent  variable  is  periphyton  density. 


DISCHARGE  VS.  LN  INSECT  BIOMASS 


IQ(  4  FCO  AVEIMCED.  1043  •  1000 


Rgure  4.23A.  Discharge  vs.  Ln  of  mean  insect  mass  p(  10*’).  July  1983  - 
Oct.  1990.  Black  squares:  May  of  each  year 
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squares:  May  of  each  year. 


Figures  4.23A  and  4.23B  show  the  negative  relationship  between  discharge 
rate  and  insect  biomass,  and  between  discharge  rate  and  periphyton  density. 
May  is  a  month  when  both  insect  biomass  and  periphyton  density  have  a 
potential  for  being  high.  However,  discharge  intensities  can  fluctuate  during 
that  month,  depending  on  past  snow  cover  and  the  timing  of  the  influx  of  melt 
waters.  For  those  reasons  May  values  for  each  year  are  marked.  A 
regression  of  discharge  versus  In  insect  mass  for  May  of  each  year  showed  a 
highly  significant  relationship  (F,^  value:  18.82,  p  <  <.001),  with  an  r“  of  0.790. 
Discharge  values  in  the  spring,  namely  May,  appears  to  be  a  very  good  index 
for  predicting  insect  mass  in  the  Ford  River.  The  relationship  be^een 
discharge  and  periphyton  density  is  also  significant  for  the  month  of  may: 
F,^value:  -3.30,  p  =  0.2;  =  0.685. 

Because  In  total  insect  mass  was  correlated  with  mean  discharge  values, 
ANCOVAS  were  performed,  using  discharge  as  the  covariate  and  total  insect 
mass  as  the  variate  (Table  4.9).  These  analyses  were  performed  for  the 
spring,  summer,  and  ^1  months  separately. 
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TABLE  4.9 


ANCOVAS  for  Total  Insect  Mass  (mg.)  and 
Mean  Discharge  (m’/sec).  Spring,  Summer,  Fall 
1984-1990 

Season,  Source  d.f .  SS  MS  F,  sign. 

SPRING 

Diff.  between  ad j .  means 

Adj.  Means  1  1.0581  1.0581  1.377  ns. 

Error  137  105.2675  .7684 

Diff.  between  slopes 

Slopes  1  3.2736  3.2736  4.365* 

S\xm  group  dev.  116  101.9938  .7500 

Common  slope:  -.3713 

FCD  slope:  -.254 
FEX  slope:  -.476 

SUMMER 

Diff.  between  adj.  means 


Adj .  Means  1 

5.1296 

5.1296 

13.51*** 

Error  207 

78.5693 

.3796 

Diff.  between  slopes 

Slopes  1 

.0146 

.0146 

0.38  ns 

Sum  group  dev.  206 

78.5548 

.3813 

Common  slope:  -.4124 

FALL 

Diff.  between  adj.  means 

Adj.  Means  1  10.4100  10.4100  22.075*** 

Error  187  88.1850  .4716 

Diff.  between  slopes 

Slopes  1  .0083  .0083  .02  ns. 

Sum  group  dev.  186  88.1767  .4741 

Common  slope:  -.3541 


ANCOVAS  showed  that  the  spring  months  differed  from  the  summer  and  fail 
months.  In  the  spring,  the  adjusted  mean  values  between  the  sites  did  not 
differ,  but  the  slopes  differed  significantly.  With  increasing  discharge  (up  to 
6.27  mVsec),  responses  to  insect  mass  loss  differed  between  sites;  more 
mass  was  lost  at  FEX  (Table  4.9,  Spring).  During  the  summers,  mean 
discharge  values  never  exceeded  4.56  m’/sec.  In  that  season  insect  mass 
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at  F0(  was  higher  than  at  FCD,  resulting  in  a  significantly  higher  adjusted 
mean  value  at  FEX.  The  fall  period  showed  the  same  pattern  as  the  summer 
period.  There  were  no  slope  differences  between  sites  during  the  summer 
and  fall  months,  indicating  that  although  Insect  mass  was  higher  at  FEX.  insect 
responses  to  discharge  at  each  site  were  similar. 

Multiple  regressions  were  performed  for  each  site  on  total  mass,  percent 
biomass  dominance  by  chlronomids,  percent  biomass  dominance  by  collector- 
gatherers,  and  predator/prey  ratios.  The  independent  physical  variables  were 
years,  ELF  ground  field  cumulative  exposure,  discharge,  and  cumulative 
degree  days.  The  data  were  grouped  season  by  season  (Tables  4.10,  4.11, 
and  4.12).  Percent  data  for  the  dependent  parameters  were  transformed  (arc 
sine  of  square  root  of  Y/100)  and  the  ratio  data  were  transformed  (arc  sine  of 
square  root  of  Y). 

TABLE  4.10 

Multiple  Regressions  for  Biotic  Parameters  versus 
Years,  E.LF.  Cumulative  Exposure,  Discharge,  and  Cumulative  Degree  Days 

Spring  (1987  - 1990) 


Dependent  Variables,  and  F  values 


Independent 

Vers. 

Total 

Mass 

%CNro 

Dom. 

%C^ 

Dom. 

Fred/ 
Prey  R. 

FEX 

fF 

.320 

.387 

.178 

.079 

Years 

0.060 

1.354 

0.215 

0.003 

ELF 

0.003 

2.110 

0.067 

0.001 

Discharge 

16.241 

2.058 

0.477 

3.264 

Cum.D.Days 

4.135 

3.897 

8.643 

0.305 

FCD 

.378 

.123 

.068 

.223 

Years 

0.958 

3.130 

1.992 

1.833 

ELF 

0.100 

2.114 

1.373 

0.436 

Discharge 

23.443 

0.461 

0.149 

6.956 

Cum.D.Days 

0.018 

2.120 

0.018 

0.092 
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spring:  The  coefficient  of  multiple  regression  values  were  all  below  .400  for 
the  spring  data  (Table  4.10).  F-values  were  high  for  discharge  for  total  mass 
and  for  predator-prpey  ratios  at  both  sites.  Previous  analyses  (Tables  4.8, 
4.9)  have  shown  that  total  mass  was  highly  correlated  with  discharge. 

TABLE  4.11 

Multiple  Regressions  for  Biotic  Parameters  versus 
Years,  E.LF.  Cumulative  Exposure,  Discharge,  and  Cumulative  Degree  Days 

Summer  (1986  -  1990) 

Dependent  Variables,  R*  and  F  values 


Independent 

Vars. 

Total 

Mass 

%Chiro 

Dom. 

%oo 

Dom. 

Fred/  1 
PreyR. 

FEX 

ft* 

.416 

.141 

.303 

.187 

Years 

0.146 

0.015 

15.096 

4.408 

ELF 

0.754 

0.186 

9.399 

3.748 

Discharge 

14.080 

5.257 

12.553 

2.188 

Cum.D.Days 

0.118 

3.970 

20.564 

13.606 

FCD 

ft* 

.691 

.157 

.051 

.065 

Years 

6.528 

1.059 

0.174 

0.144 

ELF 

4.268 

0.526 

0.577 

0.001 

Discharge 

40.766 

8.587 

0.197 

0.067 

Cum.D.Days 

7.998 

4.904 

0.013 

1.028 

BOLDFACE  IF 
fl*>0.50 

Summer:  Discharge  and/or  cumulative  degree  days  accounted  for  most 
of  the  variation  in  total  insect  mass  and  percent  biomass  chironomid 
dominance  (Table  4.11).  ELF  cumulative  degree  days  accounted  for  an 
insignificant  amount  of  the  variance. 

Table  4.12  presents  the  data  for  the  fall  season,  where  there  is  often  high 
variability  in  the  biological  parameters. 
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TABLE  4.12 

Multiple  Regressions  for  Biotic  Parameters  versus 
Years,  E.LF.  Cumulative  Exposure.  Discharge,  Cumulative  Degree  Days 

Fall  (1986  - 1990) 


Dependent  Varieties,  and  F  values 


1  Independert  Q  Total 

1  Mvs:  1  Mass 

%Chiro 

Dom. 

%OG 

Dom. 

Prad/ 

PnyR. 

u _ 

.821 

.185 

.064 

.0957 

1  years  |  0.248 

0.110 

2.277 

5.536 

ELF 

3.286 

0.302 

2.077 

3.730 

Discharge 

0.455 

2.833 

2.807 

1.312 

Cum.D.Days 

21.503 

7.804 

3.628 

0.349 

FCD 

fF 

.101 

.185 

.076 

.112 

Years 

3.957 

0.110 

0.770 

3.623 

ELF 

3.543 

0.302 

0.277 

2.372 

Discharge 

0.6386 

2.833 

wmm 

0.878 

Currt.D.Days 

0.250 

7.804 

1.316 

0.717 

BOLDFACE  IF 

1  ff>0.5Q 

Fall:  Only  once  was  the  R®  value  above  .500  and  that  was  for  total  mass 
at  FEX,  where  cumulative  degree  days  accounted  for  most  of  the  variation. 
For  the  other  biotic  parameters,  cumulative  degree  days  also  accounted  for 
much  of  the  little  variation  accrued  by  the  dependent  parameters. 


In  summary,  discharge  was  the  ’most  important’  dependent  variable  for 
the  spring  functional  community  parameters;  discharge  and  cumulative 
degrees  for  the  summer;  and  cumulative  degree  days  for  the  fall  data  set. 
Overall  results  for  structural  community  parameters  were  the  -ame. 


The  multiple  regression  tests  included  only  data  after  ELF  activation,  in 
order  to  determine  whether  there  were  differences  before  versus  after  ELF 
activation,  B.A.C.I.  tests  were  performed  on  mean  total  insect  mass,  percent 
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chironomid  biomass  dominance,  percent  collector-gatherer  biomass 
dominance,  and  predator/prey  ratios.  The  data  were  separated  into  seasons 
for  the  analyses  (Table  4.13). 

TABLE  4.13 

Results  of  B.A.C.I.  Comparisons  for  Functional  (Community  Parameters 
at  FEX  vs.  FCD.  Spring,  Summer,  Fall 

Spring  BEFORE:  1984-1986,  AFTER:  1987-1989 
Summer  BEFORE:  1984-1985,  AFTER:  1986-1989 
Fall  BEFORE:  1983-1985,  AFTER:  1986-1989 


Index, 

Comparison 

Trans¬ 

form 

Type 

Tukey's  Test 
for  Additivity 

t-test, 

Signif . 

df. 

F-value, 

sig. 

df. 

T-value 

sig. 

TOTAL  MASS 

Spring 

LOG(X+l)  4 

2.41 

12 

-0.039 

Summer 

LOG 

4 

7.70 

19 

-0.269 

Fall 

LOG(X+l)  7 

3.63 

25 

0.202 

%  CHIRONOMID  DOMINANCE 

Spring 

RATIO 

4 

2.05 

12 

-0.140 

Summer 

RATIO 

4 

3.66 

19 

0.429 

Fall 

Arcsin 

7 

1.39 

25 

-0.598 

%  COLLECTOR- 

■GATHER  DOMINANCE 

Spring 

RATIO 

4 

2.73 

12 

1.985 

Summer 

RATIO 

4 

2.32 

19 

-0.974 

Fall 

RATIO 

7 

3.25 

25 

0.345 

PREDATOR/PREY  RATIOS 

Spring 

LOG(X+l)  4 

6.73 

12 

0.936 

Summer 

LOG(X+l)  4 

0.72 

19 

0.679 

Fall 

LOG(X+l)  7 

0.64 

25 

1.122 

All  parameters  passed  Tukey’s  test  for  additivity,  and  there  were  no 
before  versus  after  differences  for  ail  four  biotic  parameters  during  the  spring, 
summer  and  ^1  periods.  Although  there  were  significant  differences  in  some 
cases  for  these  parameters  when  all  the  replicates  were  used  in  2-Way 
ANOVA  tests  (Table  4.7),  BACI  tests  revealed  no  significant  differences  before 
as  compared  with  after  ELF  activation.  Multiple  regression  analyses,  using 
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after  ELF  activation  years,  showed  that  any  relationships  between  the  biotic 
parameters  and  physical  parameters  were  non-ELF  in  nature.  In  summary, 
physical  factors  such  as  discharge  and  water  cumulative  degree  days 
accounted  for  most  of  the  variability  after  ELF  activation  (Tables  4.10  -  4.12). 


Changes  in  Mean  Dry  Weights  Per  IncSvkhjai: 

Six  species  were  selected  for  studies  on  changes  in  MDW/IND  values: 
three  collector-gatherer  mayflies,  Paraleotophlebia  mollis.  Ephemerella  invaria. 
and  Ephemerella  subvaria:  two  collector-grazer  caddisflies,  Glossosoma  niorior 
and  ProtoDtila  sp.;  and  one  coleopteran,  Qptioservus  sp.  (Samples  were 
collected  mid-month  each  year.  They  were  collected  within  five  days  of  each 
other  for  each  month  every  year.). 

Figures  4.24A  and  4.24B  show  changes  in  MDW/IND  for  E.  invaria  and  E. 

subygiia. 


MONTHS.  19S4-4MO 
0  fOC  ♦SCO 


Figure  4.24A.  Changes  in  MDW/IND  values  for  Ephemerella 
invaria  at  FEX  (squares)  and  FCD  (pluses).  June  1984  -  November 
1990. 
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Eohemerella  invaria  is  most  abundant  in  the  early  fall  when  its  MDW/INO 
value  is  low.  It  is  univoltine,  with  its  major  emergence  being  in  late  spring.  It 
is  only  half  the  size  of  its  sister  species.  E.  subvaria.  We  collect  samples  once 
a  month,  and  we  collected  the  final  instars  of  E.  invaria  in  May  of  1987,  1988 
and  1989.  Graphical  analysis  (Rgure  4.24A)  does  not  reveal  differences  in 
emergence  times  after  ELF  activation.  The  gaps  in  this  figure  are  owing  to  the 
fact  that  we  no  longer  sample  in  December  through  March  each  year. 
Eohemerella  subvaria  is  less  common  than  is  E.  invaria.  and  therefore,  there 
are  more  gaps  in  Rgure  4.24B.  However,  it  is  possible  to  see  the  major 
emergence  periods  for  this  univoltine  species.  Its  major  peaks  were  in  May  of 
1987  and  in  June  of  1988  and  1989. 


E.  SUBVARIA  AT  FEX  AND  FCO,  19S4  -  1990 


Figure  4.24B.  Changes  in  MDW/IND  values  for  Eohemerella 
subvaria  at  FEX  (squares)  and  FCD  (pluses).  June  1984  - 
November  1990. 

Paraleotoohlebia  mollis  has  very  regular  emergence  patterns.  It  is  also  very 
common  at  both  sites  throughout  the  year.  This  species  best  fulfills  our 
criteria  of  a  univoltine  and  numerically  abundant  spedes,  Rgure  4.25A. 

Rgure  4.25B  shows  changes  in  MDW/IND  values  according  to  cumulative 
degree  days.  By  presenting  the  data  in  this  manner,  it  is  possible  to  more 
easily  see  whether  the  peaks  in  individual  biomass  were  found  at  each  site. 
More  importantiy,  we  can  see  the  number  of  cumulative  degree  days  it  took  to 
achieve  a  certain  size  class  at  each  site.  If  ELF  seriously  affected  numerical 
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abundance,  seasonal  growth  patterns,  and/or  emergence  patterns  of  this 
species,  we  should  be  able  to  detect  changes  more  easily,  using  cumulative 
degree  days. 


ParaleotODhlebia  mollis  at  FEX  (squares)  and  FCD 
(pluses).  November  1983  to  November  1990. 


Rgure  4.25B.  Changes  in  MDW/IND  values  for  P.  mollis  versus  cumulative 
degree  days.  FEX:  first  panel;  FCD:  second  panel.  April  -  July  from  1984 
through  1990. 
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Figures  4.26A  through  4.26F  show  plots  of  growth  rates  (as  estimated  from 
Ln  MDW/IND  values)  versus  cumulative  degree  days  at  each  site  from  1984- 
85  through  1989-90.  in  1984  through  1986  there  was  a  steady  increase  in 
growth  rates  for  the  species  at  both  sites,  with  maximum  growth  occurring 
between  May  and  June  each  year.  In  the  following  years,  for  the  most  part, 
there  were  spurts  of  growth  during  the  fall.  Rgure  4.26C  shows  a  decided 
increase  in  growth  between  August  and  September  at  FEX;  Figure  4.260 
shows  increases  in  growth  rates  between  September  and  November;  Figure 
4.26E  shows  an  increase  from  August  through  October  at  FEX.  Figure  4.26F, 
1989-1990  data,  shows  an  increase  in  October  at  both  sites. 

The  decided  decreases  in  MDW/IND  values  from  September  or  November 
to  April  may  be  owing  to  several  factors,  none  of  which  appear  to  be  ELF- 
related.  There  could  be  size-selected  predation  of  this  species  by 
insectivorous  fish  during  those  mild  winters  when  P.  mollis  increased  in  size. 
Or  there  could  be  differential  losses  in  the  larger  size  classes  during  spring 
floods.  Finally,  there  could  be  sampling  error  problems  (n  =  5).  In  any  case 
the  overall  patterns  between  FEX  and  FCD  for  this  species  are  very  similar. 
These  growth  rates  cannot  be  linearized  by  any  transform,  including  the  Ln 
transform.  Although  there  is  year-to-year  variability,  sites  each  year  are 
similar,  and  we  suggest  that  there  were  no  ELF  effects  for  this  species. 

ProtoDtila  sp.  is  most  common  during  the  mid-summer  (Rgure  4.22A,  1990 
Annual  Report,  p.  233),  just  after  emergence  in  mid-May  (Figure  4.27,  this 
report)  of  the  prior  year’s  young.  In  1989,  there  were  heavy  rains  in  late  May 
and  June,  which  we  feel  contributed  to  the  low  numbers  of  individuals  and  the 
lack  of  large  individuals  during  that  time.  Numbers  of  individuals  will  be 
compared  at  the  two  sites  to  see  whether  there  were  any  differences  among 
the  years.  We  feel  we  have  ’captured’  too  few  large-sized  individuals; 
therefore,  analyses  of  changes  in  MDW/IND  values  may  be  impossible. 

Glossosoma  niorior.  which  is  in  the  same  family  as  Protootila  and  is  a 
collector-grazer,  is  most  abundant  at  FEX  (Rgure  4.23A,  1990  Annual  Report, 
p.  234).  The  numbers  of  individuals  at  the  two  sites  occuring  in  the  summer 
seasons;  peak  size  occurs  in  May  of  each  year  (Rgure  4.28,  this  report).  We 
have  found  fewer  numbers  of  individuals  of  this  species  at  the  two  sites  than 
of  Protootila  sp.  Analyses  similar  to  those  for  that  latter  species  will  be  made 
for  G.  niqrior  in  future  Annua!  Reports. 
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Rgures  4.26  A,B,C,D,E,F.  Ln  changes  in  MDW/IND  for  P.  mollis  at  FEX  and 
FCD  from  July  through  the  following  May  or  June  each  year  versus  cumulative 
degree-days  CC)  at  FEX  and  at  FCD.  A:  1984-1985;  B:  1985-86;  C:  1986-87; 
D:  1987-88;  E;  1988-89;  F:  1989-90. 
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Rgure  4.27.  Changes  in  MDW/INO  for  Protooila  sp.  at  FEX 
(squares)  and  FCO  (pluses).  May  1985  through  November  1990. 


Figure  4.28.  Changes  In  MDW/IND  for  Giossosoma  niorior  at  FEX 
(squares)  and  FCD  (pluses).  May  1985  through  November  1990. 


Chironomids  were  only  identified  to  family  level  for  reasons  explained  earlier. 
As  there  are  so  many  individuals  of  this  family  in  samples,  a  plot  of  changes  in 
MDW/INO  values  is  presented  (Figure  4.29).  Even  though  the  graph 
represents  size  classes  of  a  number  of  species,  there  is  a  general  pattern  that 
emerges;  i.e.,  large  individuals  are  more  abundant  during  the  summer  months 
and  small  individuals  are  more  abundant  during  the  fall  and  early  winter 
months.  These  seasonal  differences  probably  reflect  replacements  of  summer 
emerging  with  fall  growing  species.  If  person  power  and  money  were  no 
object,  it  would  be  a  good  idea  to  select  at  least  one  species  and  follow  its 
numbers  and  growth  patterns  through  the  seasons. 

In  the  past  Qotioservus  sp.  has  been  followed  for  numbers  of  adults  and 
larvae  at  each  site  (Figures  4.21A,B,  1990  Annual  Report,  p.  232).  Numbers 
are  much  lower  at  FEX  than  at  FCD.  In  the  Revised  Annual  Report,  the  ratio 
between  adults  and  nymphs  may  be  analyzed.  For  the  present,  there  is 
insufficient  time. 


Figure  4.29.  Changes  in  MDW/IND  for  chironomids  at  FEX  (squares)  and 
FCD  (pluses),  November  1983  through  November  1990. 


Submissic’'.  of  the  Annual  Report  occurred  two  months  after  identifications 
of  insects  substrates  for  1990  were  completed.  At  the  writing  of  the  Revised 
Annual  r.<tport,  tiiose  identifications  have  now  been  completed  through 
November  of  1991. 

Future  Plans  for  This  Element 

The  same  design  and  accumulation  of  data  will  continue,  including 
collection  of  samples  from  the  new  site.  FEX.IJNE,  until  at  least  August  of 
1992  when  comparisons  among  the  sites  for  1990  and  1991  will  be  completed. 
Those  analyses  will  be  used  to  ascertain  the  statistical  utility  and  value  of  the 
new  site.  Until  that  time,  identification  of  insects  for  samples  from  FEX.LINE 
will  receive  the  lowest  priority. 

Analyses  for  FEX  versus  FCO  comparisons  will  continue  to  include  2-Way 
ANOVAS  for  analyzing  site  or  year  differences  and  then  ANCOVAS  and 
multiple  regressions  for  looking  at  the  relationships  between  physical  and 
biotic  variables.  Minimum  detectable  difference  values  will  be  determined  for 
the  biotic  parameters,  season  by  season.  Studies  will  continue  on  ELF 
cumulative  exposure  values.  The  three  principle  investigators  for  the  Aquatics 
Task  Group  will  discuss  their  choices  for  breakpoints  in  the  data  relative  to 
ELF  activation.  As  it  stands,  each  of  the  ttiree  groups  has  selected  separate 
points,  ranging  from  only  before  versus  after  ELF  activation  comparisons  to 
before,  transition,  and  full  activation  periods.  B.A.C.I.  tests  for  before  versus 
after  effects  may  be  modified  with  the  help  of  Dr.  Abdul  Ei  Shaarowi,  as 
described  in  the  text  above.  It  is  hoped  foat  residuals  among  samples  rather 
than  sample  means  can  be  used  in  the  analyses  to  1)  account  for  sample 
variance,  and  2)  to  utilize  ail  the  data  rather  than  only  the  means. 

Cumulative  degree  days  is  an  importartt  independent  variable  for  changes 
in  MOW/INO  values  for  the  six  species  studied  so  degree  days  as  well  as 
chronological  time  will  be  continue  to  be  used  for  determining  whether  E.LF. 
has  any  effect  on  changes  in  growth  rates,  in  addition,  changes  in  numbers 
of  individuals  for  these  species  will  be  analyzed,  using  2-Way  ANOVAS  for 
seasonally  grouped  data,  and,  when  appropriate,  B.A.C.i.  and  ANCOVA 
analyses.  Seasonal  groupings  of  those  matrices  are  biologically  more 
meaningful  than  any  other  grouping,  as  determined  by  coefficient  of  variation 
values  and  by  ANCOVAS. 

The  taxa  identified  thus  far  at  FEX  and  at  FCD  appear  in  Appendix  I  of  this 
Report. 
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Summary 


Data  were  grouped  according  to  season  for  statistica)  analyses  after 
looking  at  coefficient  of  variation  values;  spring  (April,  May),  summer  (June 
through  August),  and  fail  (September  through  November)  seasons.  The 
lowest  coefficient  of  variation  values  were  during  the  summer  ’stable’  periods. 
Spring  and  fall  seasons  are  transitional  seasons  for  the  insects.  Coefficient  of 
variation  values  were  highest  during  those  seasons.  Seasonal  data  were  first 
analyzed,  using  2-Way  ANOVAS.  Then  they  were  independently  regressed  at 
each  site  against  years,  ELF  cumulative  exposure,  discharge,  and  water 
cumulative  degree  days  to  determine  which  physical  factors  were  more 
important  in  accounting  for  the  biotic  variance.  Usually  discharge  was  the 
most  correlated  in  the  spring  with  the  biotic  parameters.  Discharge  and/or 
cumulative  degrees  was  most  important  in  the  summer.  Cumulative  degree 
days  was  the  most  important  independent  variable  in  the  fall  season. 

B.A.C.I.  tests  were  used  to  look  for  significant  before  versus  after  ELF 
activation  associations.  Summer  evenness  was  the  parameter  showing  a 
significant  before  versus  after  effect.  An  ANCOVA,  using  discharge  as  the 
covariate  showed  that  both  mean  differences  between  sites  and  slope 
differences  between  sites  were  highly  significant  it  is  probable  that  significant 
differences  for  J’  before  versus  after  ELF  activation  were  more  related  to 
before  versus  after  differences  in  discharge  than  to  any  ELF  effect  B.A.C.I. 
tests  were  never  significant  for  the  four  functional  community  parameters. 
Discharge  was  shown  to  be  highly  correlated  with  insect  mass  and  with 
periphyton  density.  The  linear  relationship  was  even  more  pronounced  for 
May  discharges  and  insect  mass  (r^  =  0.790)  and  May  discharges  and 
periphyton  density  (r*  =  0.685). 

Graphical  analyses  were  presented  for  changes  in  mean  dry  weight  values 
per  individual  for  six  prominent  taxa  at  the  sites.  Changes  were  presented  in 
terms  of  chronological  time,  and  in  one  case,  physiological  time  (cumulative 
degree  day  water  temperatures).  Although  the  yearly  giowth  patterns  of 
Paraleotoohlebia  mollis  differed,  within  year  growth  patterns  were  similar  at  the 
experimental  and  reference  sites,  indicating  that  ELF  activation  did  not  affect 
growth  rates  of  this  species. 

A  list  of  taxa  collected  at  the  two  sites  and  on  leafpacks  appears  as 
Appendix  I  in  this  Element.  In  the  1992  Annual  Report,  a  similarity  matrix  will 
be  analyzed.  A  summary  table  (4.14)  gives  statistical  results  for  seasonal 
comparisons  of  the  biotic  parameters. 
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TABLE  4.14 

Summary  of  Statistics  for  Structural  and  i-unctional  Community  Parameters 
2-Way  ANOVAS:  1984-1990.  Multiple  Regressions:  1986-1990, 
B.A.C.I.:  Before:  April  1984  -  May,  1986,  After  =  June  1986  -  November  1990 


PARAMETER, 

SEASON 


DIVERSITY 


Spring 


Summer 


Summer 


2-WAY  ANOVA 
Signf.  Mctofs 


Site,  Year 


MULTJiEGj  Van. 
wHh  high  F  valuBa 


Wheni*>. 


FEX:  Disch,CDD 
FCD:  ELF.  CDD 


BA.CJ. 

Tosts 


Site,  Year 


FEX:  CDD 


Site.  Year 


FEX;  CDD,ELF,Disc.  p<.001 
FCD:  CDD.ELF,Disc 


NO.  INDIVIDUALS 


Spring 


Summer 


%  DOMINANCE,  # 
CIIIRONOMIDS 


Site,  Year,  Interact 


Site,  Year,  Interact 


FEX:  Disch,  ELF;  as. 
FCD:  Discharge 


Site,  Year 


Spring 


Summer 


Site,  Year,  Interact 


Site,  Year 


FEX;  Disch,  ELF  n.s. 
FCD:  Disch,  ELF,  Yr 


FEX:  Disch,  Yr 
FCD:  Disch 


FEX:  ELF.  CDD 
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N/A  «  fa3ed  Tukey’s  Test  for  Additivity 


Oisch  =  Discharge, 

ODD  a  Cumulative  Degree  Days. 
ELF  s  ELF  Cumulative  Exposure, 
Yr  =  Year 
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Procfadius  cf. 
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SIMUUIDAE 


Cneohia  mutata 
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Element  6  >  Leaf  Utter  Processing 

Changes  from  the  Work  Plan  -  Added  a  new  site,  FEX.UNE,  to 
increase  the  differential  between  E.LF.  fields  at  an  experimental  site  and  FCD. 


Ot^ecUves 


1)  To  quantify  leaf  processing  rates  for  fresh  and  autumn  abscissed 
speckled  (tag)  alder  leaves  fAlnus  ruoosal  each  year  to  see  whether  leaf 
processing  rates  differ  as  a  function  of  E.LF.  fields;  2)  to  determine  structural 
and  functional  community  indices  for  insects  colonizing  tag  aider  leaves  for 
subsequent  analyses  as  to  E.LF.  effects;  3)  to  measure  growth  rates 
(changes  in  mean  dry  weights  per  individu^)  for  two  species  of  mayflies  and 
one  species  of  stonefiy  each  year  to  see  whether  E.LF.  affects  growth  rates. 


Rationale 

Processing  rates  of  leaves  Incorporate  the  functional  responses  of  fungi, 
bacteria,  protozoans  and  leaf  feeding  invertebrates,  especially  shredding 
insects  (Cummins  et  al.  1989,  Petersen  and  Cummins  1974,  Stout  and  Taft 
1985).  E.LF.  fields  may  influence  some  of  those  processors  with  regard  to 
orientation,  activity,  or  both,  as  many  aquatic  plant  and  animal  species  contain 
magnetite  crystals  (Wrschvink  1989).  Some  of  these  species,  including 
freshwater  bacteria  and  algae,  are  magnetotactic,  (Tenforde  1989).  It  is 
conceivable  that  some  aquatic  species  in  the  Ford  River  respond  to  E.LF. 
fields  as  well  as  to  other  geomagnetic  fields.  If  so,  not  only  might  their 
activities  or  growth  rates  be  altered,  but  leaf  processing  rates,  the  resultant 
sum  of  their  activities,  may  also  be  altered. 

Many  non-anthropogenic  environmental  factors  can  affect  leaf  processing 
rates:  water  temperature  and  flow  rates  (Kaushik  and  Hynes  1971),  leaf 
chemistry  (Iverson  1974,  Stout  1989),  and  beaver  activity  (Naiman  et  al.  1984) 
may  all  play  a  role  in  the  Ford  River.  Some  of  these  factors  may  override  any 
E.LF.  effects  (see  Tenforde  1989)  or  some  E.LF  perturbations  may 
themselves  “...be  within  the  ranges  of  disturbances  that  a  system  can 
experience  and  still  function  properly."  (O.T.A.  1989).  In  either  case,  any 
potential  E.LF.  effects  may  or  may  not  be  detectable  even  though  coefficient 
of  variation  values  for  many  biotic  parameters  are  very  low  for  this  Element. 
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A  number  of  anthropogenic  factors  can  also  affect  leaf  processing  rates 
and  colonization  of  insects  on  those  leaves.  Examples  include  chemical  inputs 
(Fairchild  et  al.  1984,  Stout  and  Cooper  1983,  Cairns  1985),  thermal  stress 
associated  with  impoundments  and  commerical  industries  (Gersick  and 
Brusven  1981),  and  forest  alterations  (Webster  and  Waide  1982).  As  E.LF. 
fields  appear  to  be  an  anthropogenic  phenomenon  for  which  there  is  no 
analog,  the  foundations  for  decisions  as  to  which  factors  may  most  strongly 
affect  any  given  organism  ~  intensity,  duration,  transient  behavior  -  are  poorly 
understood  (O.T.A.  1989).  This  problem  is  especially  critical  when  studying 
potential  effects  under  field  conditions,  vtrhere  several  non-anthropogenic  and 
anthropogenic  factors  may  interact.  Considering  these  uncertainties,  the 
continual  monitoring  of  biological  parameters  that  show  low  variation  in  time 
and  space  is  the  most  pragmatic  approach  for  detecting  any  E.LF.  effects 
under  field  conditions. 


Materials  and  M^hods: 

A.  Leaf  Preparation  and  Processing 


Fresh  tag  alder  leaves  were  collected  from  a  grove  adjacent  to  the  Ford 
River  near  FCD  each  year.  Leaves  were  removed  from  whole  branches  at  the 
laboratory  and  weighed  into  individual  lea^acks  with  an  average  fresh  mass  of 
6.5  gm.  Prior  to  1988,  fresh  mass  varied  between  4.8  and  5.2  gm.  After  that 
time,  fresh  mass  was  increased  to  between  6  and  7  gm  so  that  the  fresh 
leafpacks  and  autumn  abscissed  leafpacks  would  have  similar  numbers  of 
leaves  and  similar  initial  dry  weights.  Each  year,  care  was  given  in  the 
weighing  of  replicate  leafpacks  so  that  initial  fresh  weights  would  be  as  similar 
to  each  other  as  possible.  Because  initial  dry  weights  could  not  be  performed 
on  these  leaves  that  were  green  and  fresh  when  they  were  put  into  the 
stream,  low  variance  in  initial  fresh  weights  minimized  variability  of  final  dry 
weights  at  the  sites  each  collection  date.  Picked  leaves  were  also  gently 
mixed  in  their  containers  prior  to  construction  of  the  leafpacks  in  reduce 
selection  bias  for  any  one  site. 

After  leafpacks  were  weighed,  they  were  taken  to  the  field,  lashed  to  bricks 
using  rubber  bands  to  which  replicate  identification  numbers  were  attached, 
and  placed  in  riffles  at  the  FEX  and  FCD  sites.  Seven  replicates  per  collection 
date,  per  site,  and  per  treatment  (fresh  versus  autumn-abscissed)  were  used. 
(In  1984,  only  five  replicates  were  used.)  In  the  fall  of  1990,  a  new  site,  called 
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FEX.LINE  was  added  to  the  studies  for  this  Element  after  field  testing  for  ELF 
intensities  showed  that  the  new  site  experienced  higher  intensities  than  did  the 
original  FEX  experimental  site. 

In  1984  autumn  absdssed  tag  alder  were  collected  in  September  and  used 
the  year  of  collection.  We  planned  on  using  leaves  reserved  from  the  1984 
leaf  collection  for  1985  studies;  however,  we  had  insuffiderrt  numbers  and 
abandoned  the  autumn  leaf  study  for  1985.  Instead,  we  oven-dried  fresh 
leaves.  They  proved  to  be  more  simitar  to  fresh  leaves  than  to  autumn- 
absdssed  leaves  with  respect  to  their  processing  rates  and  so  there  is  a  gap 
in  the  data  for  autumn-abscissed  leaves  (1985).  in  October  of  1985  we 
collected  sufficient  numbers  of  leaves  for  the  1986  study  so  that  we  would 
have  autumn  absdssed  leaves  available  when  we  collected  fresh  leaves  in 
1986.  That  way,  both  leaf  treatments  could  be  put  in  the  river  at  the  same 
time.  We  were  no  longer  constrained  by  having  to  wait  until  fall  leaf  absdssion 
before  initiating  the  study.  Thus,  in  1986  and  beyond,  leaves  were  placed  in 
the  stream  earlier  in  the  year  than  in  1984  and  1985.  In  1991,  only  fresh 
leaves  were  used.  The  autumn-absdssed  leaves  were  deleted,  with 
permission,  from  this  element  for  two  related  reasons.  First,  we  had  a  more 
complete  dataset  for  fresh  leaves,  and  second,  reduced  allocation  of  funds  for 
this  project  will  begin  in  1992.  A  similar  reduction  in  work  effort  is  required. 

By  eliminating  one  treatment,  but  by  adding  the  new  site,  FEX.LINE,  we  feel 
we  can  still  achieve  our  goals  of  complete  data  analysis. 

Leafpacks  for  both  treatments,  fresh  and  autumn-abscissed,  were 
collected  from  the  sites  six  times  over  a  three  to  four  month  period.  After 
1986,  it  was  determined  that  the  critical  incubation  period  was  between  21  and 
28  days.  At  those  incubation  times,  the  coefficient  of  variation  values  for 
insects  colonizing  leaves  were  very  low  for  most  of  the  structural  and 
functional  community  parameters.  We  also  found  that  variability  for  all 
parameters  was  very  high  after  90  days’  incubation.  As  50%  of  the  dry  mass 
of  leaves  is  usually  gone  after  54  days,  we  changed  our  collection  schedule  in 
1986  to  more  carefully  bracket  the  critical  period  between  three  and  four 
weeks  and  to  delete  leaf  collection  after  90  days.  Thus,  collection  days 
changed  from  3,  9,  24,  50,  90  and  120  days  to  7, 14,  21,  28.  50  and  80  days, 
weather  and  travel  permitting.  On  collection  days,  each  leafpack  was  removed 
carefully  from  its  brick  and  placed  in  a  plastic  box.  The  portion  of  the  brick 
touching  the  leafpack  was  carefully  washed  into  that  box.  After  returning  to 
the  laboratory,  each  leafpack  was  washed  over  a  60  micron  mesh  sieve,  which 
retained  the  insects.  Insects  were  preserved  in  90%  alcohol;  leaves  were 
placed  in  paper  triangles  and  dried  at  less  than  40*  C  for  48  hr,  at  which  time 
they  were  weighed  to  the  nearest  0.01  gm. 
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Leaf  processing  rates  were  computed  as  -lii/day  after  Petersen  and 
Cummins  (1974).  Fresh  and  autumn-abscissed  leaf  data  were  analyzed  as 
separate  experiments  because  their  physiological  differences  are  considerable. 
Two-Way  ANOVAs  were  performed  on  leaf  losses  after  three  and  one-half  to 
four  weeks*  incubation  to  determine  any  site,  year  or  site-year  interaction 
differences.  This  incubation  period  was  chosen,  as  it  consistently  showed  low 
coefficient  of  variation  values.  Processing  rates,  -is/day  values,  were 
regressed  against  year,  cumulative  degree  days,  and  discharge  values  in  a 
multiple  regression  analysis  for  each  treatment.  B.A.C.I.  tests  could  not  be 
performed  on  these  data  sets,  as  there  is  only  one  value  mean  for  each 
processing  rate  for  each  leaf  treatment  each  year.  Those  tests  could  not  use 
leaf  losses  from  each  collection  period  either,  as  leaf  losses  are  related  to 
incubation  periods  and  are  fixed  to  Time  0  when  the  leaves  were  put  in  the 
stream.  Paired  t-Tests  were  used  to  test  for  for  differences  in  -yday  values 
for  each  treatment  over  the  years. 


B.  Colonization  of  Insects  on  Leaves 

The  insect  taxa  from  the  leaves  were  determined  to  the  lowest  taxon 
possible.  Identified  insects  were  then  measured  to  the  nearest  mm  length  for 
later  computation  of  biomass  values  (after  Smock  1980).  Taxon  diversity  (H*), 
evenness  (J*),  richness  (S’)  numbers  of  individuals,  and  percent  numerical 
dominance  of  chironomids,  which  often  comprise  over  50%  of  the  total 
individuals,  were  computed  for  each  sample.  Total  insect  mass,  adjusted  for 
leaf  mass  values  were  also  computed.  An  attempt  to  analyze  shredder  mass 
differences  failed,  owing  to  very  high  variance  of  that  functional  feeding  group 
among  the  samples  for  any  particular  collection  date. 

Coefficient  of  variation  (C.V.)  values  for  each  estimated  parameter  from 
each  set  of  samples  were  obtained.  A  power  test  was  used  to  determine  if 
there  were  sufficient  replicates  to  be  confident  95%  of  the  time  that  the  mean 
varied  no  more  than  ±40%  with  an  alpha  of  .05.  (Seven  replicates  were 
sufficient  if  the  parameter  had  a  C.V.  value  of  20%  or  less.)  If  values  for  any 
parameter  were  not  normally  distributed,  they  were  transformed  prior  to 
analysis  (e.g.,  percent  data). 

The  lowest  C.V.  values  for  H’,  S’,  J’,  numbers  of  indiwduals,  percent 
numerical  dominance  of  chironomids,  and  total  insect  biomass  adjusted  to  leaf 
biomass  occurred  between  24  and  28  days  over  the  years  (See  pp.  224,  225, 
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1988  Annual  Report.)  Although  there  are  a  total  of  six  collection  periods,  data 
analyses  efforts  were  concentrated  on  datasets  from  that  one  period  in  this 
Annual  Report  for  the  reason  given  above.  The  variables  during  that  time 
period  were  analyzed,  using  2-Way  ANOVA  tests,  to  determine  whether  there 
were  site,  year,  or  site  x  year  differences.  ANCOVAS  for  linear  data  were 
performed,  using  cumulative  degree  days  and  then  cumulative  ELF  exposure 
as  the  covariates. 

For  three  taxa,  mean  dry  biomass  per  individual  (MDW/IND)  values  were 
determined  for  each  collection  date  each  year.  The  three  species, 

Eohemerella  subvaria.  E.  invaria.  and  Isoperla  transmarina  were  then  analyzed 
for  differences  in  growth  rates  (MDW/IND)  between  sites  and  among  years. 
These  species  are  winter  and  spring  growing  taxa;  quickly  changing  water 
temperatures  in  the  fall  and  spring  are  related  to  their  growth  rates. 
Physiological  time  (cumulative  degree  days)  was  used  as  the  independent 
variable  in  the  graphical  analyses  and  chronological  time  (days  in  stream)  was 
used  as  the  independent  variable  in  ANCOVA  tests  to  determine  whether  there 
were  site  differences,  year  by  year,  for  each  species. 


Results  and  Discussion 


Leaf  Processing  Rates 


1.  Fresh  Leaves 

Processing  rates  (-k/day)  were  simileu’  at  FEX  and  FCD  except  in  1985. 

1984  and  1985  are  considered  pre-operation  years.  Rgure  6.1  A  shows  that  in 

1985  leaves  were  processed  much  faster  at  FEX  than  in  1984  and  much  faster 
than  leaves  at  FCD  in  1985  (Figure  6.1  A).  Figures  for  post-operational  years 
show  that  processing  rates  were  very  similar  over  the  years  at  both  sites 
(Rgures  6.2A,  B).  Processing  rates  at  ttie  new  site,  FEX.L1NE  were  slower  in 
1990  than  in  1991  (Rgure  6.2C).  In  1985,  a  companion  experiment  to  the 
studies  was  done  1000  m  upstream  from  the  present  FEX  site.  The  leaves 
were  placed  there  as  well.  Possibly,  the  site  difference  for  only  that  year  was 
related  to  the  faster  decomposition  rates  for  the  fresh  leaves  there.  A  student 
T  test  showed  that  there  were  no  statistical  differences  between  the  two  sites 
over  all  years  with  respect  to  -k/day  values  (T,,  =  0.776,  p  =  0.226. 

The  yearly  variation  in  -k/day  was  almost  always  higher  at  FEX  than  at 
FCD.  The  substrate  at  FEX  is  more  heterogeneous,  and  many  structural  and 
functional  community  indices  are  higher  at  that  site.  These  factors,  along  with 
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what  appears  to  be  a  higher  density  of  omnivorous  crayfish  (often  found  in  the 
holes  in  the  brick)  at  FEX  may  contribute  to  the  higher  variation  at  FEX. 


FRESH  lEAVES,  FEX  ’84,  ’85.  PRE-E.LF. 

In  ^  venoi  days  in  atream 
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Rgure  6.1  A.  Leaf  losses  (Ln  dry  mass)  for  fresh  leaves  at 
FEX,  pre^perational.  1984, 1985. 
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Figure  6. IB.  Leaf  losses  (Ln  dry  mass)  for  fresh  leaves  at 
FCD,  pre-operational.  1984, 1985. 


Post-operational  processing  rates  within  and  between  the  two  sites  were 
very  similiar,  as  illustrated  in  Rgures  6.2A  and  6.2B. 
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Rgure  6.2A.  Leaf  losses  (In  dry  mass)  for  fresh  leaves  at 
FEX,  post-operational.  1986  - 1991. 
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Rgure  6.2B.  Leaf  losses  (Ln  dry  mass)  for  fresh  leaves  at 
FCD,  post-operational.  19^  - 1^1. 


Leaf  studies  at  the  new  site,  FEX.tJNE  were  completed  for  fresh  leaves  in 
1990  and  1991.  Figure  6.2C  illustrates  ^ose  results. 


Rgure  6.2C.  Leaf  losses  (Ln  dry  mass)  for 
fresh  leaves  at  FEX.L1NE,  post-operational. 
1990  - 1991. 


Table  6.1  presents  -Is/day  values  for  fresh  leaves  at  the  three  sites  over 
time.  They  are  graphically  represented  in  Rgure  6.1  and  Rgure  6.2. 

TABLE  6.1 

Processing  Coefficients  (-K/day)  and  Regression 
Coefficients  for  the  slopes  of  Fresh  Leaves 
at  FEX.  FCD,  and  FEX.UNE,  1984  - 1991 


Year 

FEX. 

FEX. 

FCD. 

FCD. 

FEXUNE 

FEXUNE 

R2 

-k/day 

R2 

■k/day 

R2 

1984 

.0151 

.78 

.0149 

.83 

1985 

.0321 

.62 

1.016 

.47 

1986 

.69 

.0T05 

.68 

1987 

.0124 

.80 

.0130 

.74 

1988 

.0145 

.70 

.0122 

.57 

1989 

.0102 

.84 

.0087 

.74 

1990 

.0091 

.78 

.0144 

.78 

.0081 

.62 

1991 

.0147 

.49 

.0126 

.75 

.0166 

.68 

Over  the  years,  except  in  1984  and  1985  at  FEX,  coefficient  of  variation 
values  (CV)  were  low  for  leaf  dry  weights  after  four  weeks’  incubation  in  the 
stream  (Rgure  6.3).  In  1984  and  1985,  fresh  leaves  were  put  in  the  stream  in 
late  September;  in  other  years,  they  were  put  in  mid-August  or  early 
September.  Even  so,  CV  values  at  the  experimental  site  were  consistently 
higher  than  at  the  reference  site;  this  was  especially  true  for  1984  and  1985. 
Coeffident  of  variation  values  tend  to  go  up  considerably  after  50  percent  of 
the  mass  of  each  leafpack  is  lost.  This  often  occurred  for  the  last  two 
collection  dates  each  year. 


C.V.  =  LEAF  DRY  WT .  REMAINING,  4  WEEKS 


TMS 

a  Fcx.m  ♦  pco.m  «  fci.aut  a  fcd.aut 


Figure  6.3.  Coefficient  of  variation  values  for  leaf  final  dry  weights 
after  4  weeks’  incubation.  FEX  fresh  (squares),  FCD  fresh 
(pluses),  FEX  autumn  (diamonds),  and  FCD  autumn  (triangles) 
leaves,  1984  -  1991. 

As  will  be  described  later,  CV  values  are  at  their  lowest  for  insect  structural 
and  community  parameters  at  the  four  week  collection  period.  Therefore, 
most  of  our  analyses  use  the  four  week  period  data.  This  is  also  true  for 
analyses  of  leaf  losses.  The  lowest  C.V.  values  for  leaf  loss  over  the  years 
occurred  during  the  first  month  the  leaves  were  in  the  water.  Thus,  variation  in 
mass  remaining  values  were  low  for  Day  7, 14,  21  and  Days  24  through  28, 
depending  on  the  collection  year.  A  2-Way  ANOVA  was  performed  on  In  leaf 
dry  mass  after  four  weeks’  incubation  each  year  (Table  6.2).  There  were 
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significant  site  (p  <.001),  year  (p  <.001)  and  site  by  year  (p  <.CX)1)  effects  for 
fresh  leaves.  From  1984  through  1989,  initial  fresh  weights  of  leaves  were 
increased  to  try  to  have  the  same  final  dry  mass  values  as  for  the  autumn 
leaves.  The  initial  fresh  weights  increased  from  4  gm  to  7  gm.  This  change  in 
procedure  did  not  alter  rate  of  change  values  over  the  years,  but  it  did  alter 
final  dry  mass  values  each  year,  causing  the  year  effect  and  the  interaction 
term  to  be  significarrt  over  and  beyond  any  real  effect  For  any  given  year, 
however,  the  treatments  were  the  same  at  both  sites.  Site  differences  would 
not  be  attributable  to  treatment  differences.  There  were,  however,  significant 
site  differences  for  this  collection  date  (Table  6.2).  In  1984,  1986,  and  1987 
more  leaf  material  was  lost  at  FEX  than  at  FCO,  resulting  in  the  significant  site 
differences  for  the  24  -  28  day  period.  When  all  collection  dates  were  used  in 
the  computation  of  -k/day  values,  however,  there  were  no  significarfr 
differences  between  sites. 


TABLE  6.2 

Two-Way  ANOVA  Tests  for  Ln  Leaf  Losses  on  Fresh  Leaves 
After  24  to  28  Days  at  FEX  versus  FCO,  1984  -  1991 


Source 

dJ. 

SS 

MSS 

F;Slgra. 

Tears 

7 

.817 

.020 

5.23*** 

SOB 

1 

.700 

.017 

30.55*** 

Years,  Site 

7 

.058 

.010 

9.54*** 

Error 

96 

.125 

.021 

Differences  in  water  temperatures  from  year  to  year  can  also  affect  leaf 
processing  and  insect  community  indices.  In  the  pre-operational  years  of 
1983  through  1985,  water  temperatures  over  time,  as  represented  by 
cumulative  degree  days  in  Figure  6.4A  and  B,  were  cooler  than  in  the  post- 
operational  years  of  1986  -  89,  and  1991. 

The  cumulative  degree  day  and  mean  discharge  values  at  the  two  sites 
were  computed  by  taking  the  time  from  Day  0  when  the  leaves  were  put  in  the 
stream  each  year  and  accumulating,  in  the  case  of  cumulative  degree  days, 
degree  day  water  temperatures  until  the  leaves  were  collected  at  frie  fourth 
week.  The  same  was  true  for  determining  the  mean  discharge  value  during 
that  period  each  year. 

Table  6.3  presents  values  for  those  physical  variables  that  were  used  in 
the  multiple  regression  tests  as  well  as  incubation  days  and  deployment  date 
for  each  year  of  the  study. 
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TABLE  6.3 

Values  for  Cumulative  Degree  Days  and  Discharge  Means 
at  FEX  and  FCD  from  1984  through  1991 


Cumulallve  Degma  MeanDacharge 
Days _ 


Year 

IncubJDaya 

Da$Bin 

FEX 

FCD 

FEX 

FCD 

1984 

24 

20Se/:A 

187 

169 

1J27 

1.30 

1985 

24 

19  Sept 

172 

188 

4.85 

5.26 

1986 

27 

13  Sept. 

261 

244 

1.93 

2.41 

19S7 

26 

28  Aug. 

354 

337 

0.50 

0.71 

1988 

28 

9  Aug. 

480 

446 

1.03 

1.15 

1989 

27 

15  Aug. 

464 

408 

0.70 

0.44 

1990 

27 

21  Aug. 

399 

400 

0.44 

0.48 

1991 

27 

21  Aug. 

433 

434 

0.59 

0.68  1 

A.  DEVIATIONS  IN  MEAN  VALUES.  DEGREE-DAYS 


reCOTS-MO 


MONnSUMfrOCro^ 

Rgure  6.4A  Deviations  in  mean  vaiues  for  cumuiative  degree  days  from  1983 
through  1991,  FEX. 
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J:  DEVIATIONS  IN  MEAN  VALUES.  DEGREE-DAYS 
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Figure  6.4B.  Deviations  in  mean  values  for  cumulative  degree  days  from  1983 
through  1991,  FCD. 


Extremely  dry  and  warm  autumns  in  1986, 1987  and  1988  had  reduced 
water  flows  and  temperatures.  Figures  4.10,  4.11  in  previous  Bement  These 
events  can  have  strong  impacts  on  data  for  our  monitoring  program.  Natural 
physical  phenomena  have  to  be  considered  when  inferences  as  to  possible 
ELF  effects  are  made.  With  that  in  mind,  multiple  regressions  were  performed 
on  leaf  losses,  with  physical  variables  being  cumulative  degree  days  and 
discharge.  Table  6.4  gives  those  results. 

TABLE  6.4 

Multiple  Regression  Values  for  Fresh  Leaf  Processing  Rates 
from  1984  through  1991  at  FEX  and  FCD 
1.  FEX  Fresh  Leaves 


Variable  Reg.Coeff. 

Std.Err 

T(df=4) 

■■ 

Partial 

Year  -.00029 

.0014 

.212 

.842 

.011 

Cum.Deg.Day  .0000008 

.00003 

-.024 

.982 

.0001 

Discharge  .0048 

.0017 

2.851 

.046 

.6702 

Std.Err.EsL:  .0047  R*:  .783 
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Table  6.4,  continued 


2.  FCD  Fresh  Leaves 

Variable  Reg.Coeff. 

Std.Err 

T(df*3) 

P 

Partial 

Year  .CX)45 

.0032 

1.391 

.237 

.326 

Cum.Deg.Day  .00005 

.00008 

-.645 

.554 

.094 

Discharge  .0002 

.0027 

.089 

.933 

.002 

Std.Err.Est:  .0087  .475 


Table  6.4  shows  that  the  partial  regression  for  discharge  at  FEX  was 
significant  The  partial  regression  value  tor  years  was  not  very  high, 
suggesting  that  the  variation  in  fresh  leaf  losses  at  or  near  FEX  were  related 
more  to  variation  in  discharge  than  to  before  versus  after  effects  of  ELF.  At 
the  reference  site,  FCD,  no  variables  including  discharge,  were  strongly 
correlated  with  le^  losses  and  the  regression  coefficient  was  below  0.50. 

Other  independent  variables  may  be  more  important  at  the  reference  site;  for 
example,  insect  feeding  activity. 

2.  Autumn-Abscissed  Leaves 

As  described  in  the  Materials  and  Methods  section,  autumn-absdssed  leaf 
studies  were  deleted  from  this  Bement  after  1990.  Autumrvabsdssed  leaves 
were  processed  somewhat  toster  at  FEX  than  at  FCO  (Figure  6.5A,  6.5B, 

Table  6.5).  However,  there  were  no  significant  site  differences  tor  autumn 
leaf  -Is/day  values  over  the  years  (T  =  .871,  df  =  10,  p  -  0.202).  In  1990, 
autumn  leaf  processing  rates  were  faster  than  in  previous  years  (figures  and 
table  above);  yet  the  same  differences  between  FEX  and  FCD  held;  autumn 
leaves  were  processed  faster  at  FEX  than  at  FCD.  Rates  »t  the  new  site, 
FEX.LINE,  were  slower  than  at  FEX  or  FCD,  Rgure  6.5C  (See  also  Table  6.5.). 

The  variance  from  year  to  year  tor  processing  rates,  which  is  the  slope  of 
the  line  tor  42  values  taken  over  six  time  periods,  at  both  sites  has  been 
relatively  high  (C.V.  at  FEX  =  42.17%;  C.V.  at  FCD  »  52.81%).  Was  the 
variation  from  year  to  year  owing  to  ELF  effects  or  to  some  physical  factor(s) 
that  affected  processing  rates?  Multiple  linear  regression  tests  on  data  for 
leaves  incubated  in  the  stream  tor  tour  weeks  were  performed  to  see  whether 
differential  physical  toctors  relating  to  time  of  year  and  to  yearly  differences 
were  associated  with  different  processing  coefficients,  -is/day.  Table  6.6. 
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Figure  6.5C.  Leaf  losses  (Ln  dry  mass)  for  autumn  leaves 
at  FEX.UNE.  1990. 


Table  6.5  shows  that,  in  general,  autumn  leaves  were  processed  faster  at 
FEX  than  at  FCD  and  that  values  were  higher  for  that  site  as  well.  Even  so, 
there  were  no  significant  differences  between  the  sites  over  the  years. 


TABLE  6.5 

Processing  Coefficients  (-k/day)  and  Regression 
Coefficients  for  the  slopes  of  Autumn  Leaves 
at  FEX,  FCD,  and  FEX.UNE,  1984  - 1990 


PCD, 


.0029 


.0050 


.0049 


.0078 


.0128 


FEXUNE 

R2 


.0081 

.67 

lESHI 

.86 

.0070 

.52 

.0072 

.83 

.0099 

.77 

.0138 

.56 

Multiple  regression  tests  were  performed  to  see  whether  differential 
physical  factors  relating  to  time  of  year  and  to  yearly  differences  were 
associated  with  differential  leaf  losses.  Table  6.6.  No  independent  variable 
was  significantly  associated  with  autumn  leaf  processing  rates. 


TABLE  6.6 


Multiple  Regression  Values  for  Autumn  Leaf  Processing  Rates 
1984;  1986-1990  at  FEX  and  FCD 
1 .  FEX  Autumn  Leaves 


■ 

I 

I 


Variable  Reg.Coeff. 

Std.Err 

T(df=2) 

■■ 

Partial 

Year  -.0013 

.0011 

-1.167 

.364 

.405 

Cum.  Deg.  Day  .00002 

.00002 

1.034 

.410 

.348 

Discharge  .0038 

.0028 

1.361 

.306 

.481 

Std.Err.Est.;  .0027 

R*:  .762 

2.  FCD  Autumn  Leaves 


Variable  Reg.Coeff. 

Std.Err 

T(df=3) 

Partial 

Year  -.0021 

.0011 

4.999 

.184 

.666 

Cum.  Deg.  Day  .00004 

.00002 

1.751 

.222 

.605 

Discharge  .0025 

.0017 

1.443 

.286 

.512 

Std.Err.Est.:  .0022  R“:  .833 


Rgure  6.3  shows  that  coefficient  of  variation  values  over  the  years  for 
autumn  leaves  after  they  had  been  in  the  stream  four  weeks  each  year  were 
below  18%,  except  for  1984.  Two-Way  ANOVA  tests  for  leaf  loss  after  24  -  28 
days  were  run  to  see  whether  there  were  site  or  year  differences  for  autumn 
leaf  losses  in  that  collection  period  each  year  (Table  6.7).  Although  there  were 
no  significant  year  differences  and  the  interaction  term  was  not  significant, 
there  were  significant  site  differences.  Leaf  losses  were  high  at  FEX  in  1984 
and  in  1990.  One  of  those  years  was  pre-operatlona)  and  one  was  post- 
operational.  It  appears  that  ELF  activation  was  not  associated  with  these  site 
differences  for  autumn  leaf  loss  after  24  to  28  days  at  the  two  sites. 
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I 

I 

I 


TABLE  6.7 

Two-Way  ANOVA  Tests  for  Ln  Leaf  Losses  on  Autumn  Leaves 
After  24  to  28  Days.  FEX  versus  FCD.  1984;  1986-1990 


I 
I 

I 

Rgure  6.6  is  a  plot  of  the  difference  values  (FEX  minus  FCD)  for  fresh  ■ 

and  for  autumn-abscissed  leaf  processing  rates  over  the  years  of  the  study.  * 

The  greatest  differences  occurred  in  1985  and  1990  for  fresh  leaves  and  1990 
for  autumn  leaves.  B 


Source 

dJ. 

SS 

MSS 

F:Signg. 

Years 

5 

1^32 

.246 

0.663 

Site 

1 

0.010 

.010 

13.613*** 

Years,  Site 

5 

0.060 

.012 

0.SB2 

Eiror 

72 

1.303 

.018 

Figure  6.6.  Leaf  processing  rate  differences  between  FEX  and  FCD  for 


Fresh  (A)  and  Autumn-abscissed  (B)  leaves  from  1984  through  1991.  (No 


data  are  available  for  autumn  leaves  in  1985.  A  continuous  line  is  drawn  for 
heuristic  purposes. 
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The  fast  processing  coefficient  for  fresh  leaves  at  FEX  in  1985  has  been 
already  described.  Leaf  processing  rate  differences  for  both  fresh  and  autumn 
leaves  deviated  in  1990.  However,  in  1991  differences  for  fresh  leaves  were 
small  and  were  similar  to  differences  seen  in  1984  and  in  1986  through  1989. 
Although  autumn  leaves  were  always  processed  ^er  at  FEX  than  at  FCD,  a 
high  *!s/day  value  at  FEX  in  1990  increased  the  difference  between  the  two 
sites  for  this  coefficient.  Fresh  leaves  were  processed  very  slowly  at  FEX 
relative  to  FCD,  dramatically  shifting  the  difference  values  well  below  the  0 
difference  line.  Reasons  for  these  altered  patterns  in  1990  are  unknown.  The 
collection  protocol,  leafpack  preparation,  and  location  of  leafpacks  in  the  river 
were  similar  to  prior  years.  In  1990  autumn  leaves  were  processed  faster  than 
fresh  leaves  at  FEX.  This  has  never  happened  before.  Although  autumn 
leaves  were  processed  faster  at  FCD  than  ever  before,  fresh  leaves  were 
processed  at  a  rate  within  the  range  of  prior  years.  E.LF.  was  fully 
operational  in  1990.  If  E.LF.  affects  leaf  processing  rates,  the  responses  by 
autumn  leaves  differ  from  the  responses  of  fresh  leaves. 

Insects  Cokxiizing  Leafpacks 
Structural  Community  Parameters: 

We  have  shown  that  the  lowest  mean  to  variance  ratios  (C.V.  values)  for 
structural  community  parameters  occurred  when  leaves  had  been  in  the  river 
approximately  four  weeks.  We  used  data  for  that  time  period  to  look  for  any 
differences  between  the  two  sites  across  years.  We  have  also  shown  that  the 
aquatic  insects  appear  to  prefer  fresh  over  autumn  leaves  (Stout  and  Taft, 
1985).  Fresh  leaf  and  autumn  leaf  experiments  are  handled  separately  in  the 
statistical  analyses,  but  both  treatments  are  presented  together  in  the  figures 
for  illustrative  purposes.  Graphs  of  mean  values  and  of  CV  values  for  the 
structural  community  parameters  from  replicates  taken  after  four  weeks’ 
incubation  each  year  are  presented  first;  then  statistical  analyses  follow. 

Taxon  diversity  (H’)  was  higher  on  autumn  leaves  than  on  fresh  leaves, 
except  in  1984  (Figure  6.7A).  There  was  an  overall  decrease  in  diversity  over 
the  years,  with  the  exception  that  in  1989  H’  rose  at  the  two  sites. 

Communities  were  more  diverse  at  FEX  than  at  FCD  for  each  treatment. 
Coefficient  of  variation  values  were  high  for  fresh  leaves  at  FEX  in  1985; 
otherwise,  they  were  less  than  20  percent  (Figure  6.7B).  In  1985,  leaves  were 
placed  upstream  approximately  1000  m  from  the  usual  FEX  site.  It  is  probable 
that  the  high  CV  value  only  then  was  associated  with  the  location  of  the 
samples. 
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Figure  6.7A.  Mean  taxon  diversity  on  fresh  and  autumn  leaves, 
1984  •  1990.  Squares:  FEX  Fresh  (squares),  FCD  Fresh  (pluses), 
FEX  Autumn  (diamonds),  FCD  Autumn  (triangles). 


I 

I 


Rgure  6.7B.  Coefficient  of  Variation  values  for  taxon  diversity, 
1984  -  1990.  FEX  Fresh  (squares),  FCD  Fresh  O^luses),  FEX 
Autumn  (diamonds),  FCD  Autumn  (triangles). 


A  Two  Way  ANOVA  for  fresh  or  autumn  leaves  showed  no  significant 
interaction  between  years  and  sites,  but  it  did  show  significant  year  and 
significant  site  effects  (Table  6.8).  Almost  without  exception,  taxon  diversity  was 
higher  at  FEX,  irrespe^e  of  treatment  (Figure  6.7A).  Additionally,  H’  declined 
over  the  years,  except  in  1989.  Table  6.3  shows  that  we  collected  samples  for 
Week  Four  earlier  in  the  season  over  the  years.  Graphs  to  be  presented  later  will 
show  that  numbers  of  individuals  and  chironomid  dominance  increased  over  the 
years,  while  taxon  diversity  and  taxon  evenness  decreased.  These  differences 
may  be  owing  more  to  collection  date  differences  than  to  differences,  year  by 
year. 

TABLE  6.8 

Two-Way  ANOVA  Tests  for  H*  for  Insects  on  (A)  Fresh  and  for 


(B)  Autumn  Abscissed  Leaves  After  24  to  28  Days,  1984  -  1990 


Source 

dJ. 

SS 

F  value 

(A)  FRESH 

/ears 

6 

11.556 

1.926 

38.831*** 

Site 

1 

0.621 

0.621 

12.510*** 

Interaction 

6 

0.656 

0.109 

2.205 

Error 

84 

4.624 

0.050 

(B)AU7VMN 

Years 

5 

6.971 

1.394 

19.151*** 

Site 

1 

0.594 

0.594 

8.159* 

Interaction 

5 

0.522 

0.104 

1.435 

Error 

72 

6.670 

0.073 

B.A.C.I.  tests  cannot  be  run  on  these  data  to  see  whether  there  is  a  before 
versus  after  effect  because  there  is  only  one  mean  value  per  year.  B.A.C.I.  tests 
are  not  very  powerful;  moreover,  they  do  not  Incorporate  variation  in  the  data. 
Variation  may  be  more  important  than  mean  values  for  these  studies.  For 
example,  ELF  exposure  may  have  some  threshold  effect  that  increases  variance 
around  a  similar  mean  value.  ANCOVAS  were  run  to  relate  site  and  year 
differences  in  diversity  to  natural,  physical  differences  and/or  to  ELF  effects, 
using  cumulative  degree  days  and  then  ELF  cumulative  exposure  as  the 
covariates  (Table  6.9).  There  is  one  mayor  problem  in  using  ELF  cumulative 
exposure  as  a  covariate  for  our  data.  ELF  exposure  values  were  not  taken 
independently  at  FCD.  They  were  derived  from  taking  one  or  two  measurements 
each  year  at  FCD  and  then  ’filling  in’  the  data  by  extrapolating  from  ELF  ground 
field  exposure  values.  Therefore,  my  intent  in  performing  these  ANCOVAS  was 
to  see  whether  there  were  differences  in  slopes  (a  differential  response  to  ELF 
fields)  rather  than  to  see  whether  there  were  differences  in  intercept  mean  values. 
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TABLE  6.9 

ANCOVAS  for  H’;  (A)  Cumulative  Degree  Days,  1984-1990 
(B)  Cumulative  ELF  Exposure.  1986-1990 _ 


F  values 
Ad/.Maans 

F  values 
Slopes 

AUTUMN 

F  values 
Adi-Means 

F  values 

Slopes  { 

A.  Cum. 
DegfaeDay 

8.528** 

3.189 

A  Cum. 
OegJ3&f 

8.887* 

d.t. 

1.89 

1,88 

d.f. 

1.74 

1,73 

B.ELF 

Expoaum 

14.749*** 

0225 

B.ELF 

Exposun 

14.681*** 

0.036 

dJ. 

1.65 

1.64 

d.f. 

1,64 

1.63 

There  were  significant  differences  in  adjusted  mean  values  for  H’  on  fresh  and 
autumn  leaves  for  both  covariates;  but  there  were  no  differences  in  slopes.  The 
differences  in  adjusted  mean  values  may  be  owing  to  the  continual  differences  in 
diversity  at  the  two  sites  rather  than  to  the  physical  natural  and  anthropogenic 
factors.  Multiple  regressions  will  be  run  for  the  Revised  Annual  Report  to 
determine  if  other  physical  factors  are  more  important  than  the  ones  presented. 

Taxon  evenness  (Rgure  6.8A,  Rgure  6.8B)  had  patterns  similar  to  those  for 
taxon  diversity  (Rgure  6.7A,  Rgure  6.7B). 


EVENNESS,  AFTER  4  WEEKS  IN  STREAM 


O  m.FR  KO.ra  A  PCD.AUr 


Rgure  6.8A.  Taxon  Evenness  (J’)  on  Fresh  and  Autumn  Leaves 
at  FEX  and  FCD.  1984  -  1990.  FEX  Fresh  (squares).  FCD  Fresh 
(pluses),  FEX  Autumn  (diamonds),  FCD  Autumn  (triangles). 


Figure  6.8B.  Coefficient  of  Variation  values  for  T axon  Evenness 
at  FEX  and  FCD.  1984  -  1990.  FEX  Fresh  (squares).  FCD 
Fresh  (pluses),  FEX  Autumn  (diamonds),  FCO  Autumn 
(triangles). 

Table  6.10  presents  a  Two-Way  ANOVA  table  testing  for  differences  between 
the  sites  and  years  for  taxon  evenness. 


TABLE  6.10 

Two-Way  ANOVA  Tests  for  J’(Arc  Sine  Transform)  for  Insects  on  (A)  Fresh  and 
(B)  Autumn  Absdssed  Leaves  After  24  to  28  Days,  1984  •  1990 


Source 

dJ. 

FvMue 

WFRESH 

Years 

6 

2854.58 

475.76 

45.64*** 

Site 

1 

22.28 

22.26 

2.135 

InteracOort 

6 

95.05 

15.84 

1.520 

Error 

84 

984.00 

10.42 

(B)  AUTUMN 

Years 

5 

1956.00 

391.20 

50.172*** 

Site 

1 

34.10 

34.10 

4.374* 

Interactlort 

5 

120.59 

24.12 

3.093* 

Error 

72 

802.43 

7.80 

231 


Fresh  leaves  showed  significant  year  differences  and  autumn  leaves  showed 
significance  for  both  main  effects  and  the  interaction  t^^n.  Figure  6.8A  shows 
that  evenness  declined  over  the  years  for  both  fi’eatments  at  both  sites;  again,  as 
for  H’,  evenness  increased  in  19^.  Table  6.11  shows  results  from  ANCOVA 
tests,  with  cumulative  degree  days  (A)  and  ELF  cumulative  ground  exposure  (B) 
being  the  covariates  for  each  of  the  tests. 


TABLE  6.11 

ANCOVAS  for  J*  (A)  Cumulative  Degree  Days,  1986-1990 
(B)  Cumulative  ELF  Exposure,  1986-1990 _ 


FRESH 

Fv^ues 

Adi.Means 

F  values 
S/opes 

AUTUMN 

F  values 
Adl-Means 

F  values 

Slopes 

A  Cum. 

Degree  Day 

5.000* 

1.256 

A  Cum 
DegJiay 

3.047  Its. 

3534 

d.f. 

1.62 

1.61 

d.f. 

1.64 

1.63 

B.ELF 

Exposure 

13.751*** 

0.000 

B.ELF 

Exposure 

SL390* 

0.317 

d.f. 

1.62 

1.61 

d.f. 

1,64 

1,63 

Adjusted  mean  values  for  y-intercepts  were  significant  in  all  except  one  case 
(J’  for  autumn  leaves  vs.  cumulative  degree  days).  As  the  slopes  did  not  differ, 
no  ELF  effect  can  be  detected;  however,  the  ELF  exposure  data  for  this  test 
lacks  independent  measurement  at  both  sites,  as  described  earlier.  Thus  any 
statistical  tests  using  these  data  should  not  have  assumptions  requiring 
independent  measurements  of  this  variable. 

Taxon  richness  did  not  show  a  steady  decline  over  the  years  (Rgure  6.9B). 

In  fact,  richness  on  fresh  leaves  at  the  two  sites  did  not  trat^  each  other  very 
well  until  1988.  Taxon  richness  on  autumn  leaves  was  low  in  1985;  high  in  1986, 
and  then  moderate  in  the  following  years.  The  two  sites  were  similar  over  the 
years  for  taxon  richness.  Coefficient  of  variation  values  were  high  at  FEX  in 
1985,  for  reasons  described  earlier  (Rgure  6.9B).  They  were  also  high  for  fresh 
leaves  at  FCD.  No  reasons  for  this  are  apparent  at  this  time.  From  1987 
through  1990,  CV  values  were  below  20  percent. 

Although  2-Way  ANOVAS  were  performed  for  taxon  richness,  ANCOVAS 
could  not  be  run,  as  the  data  are  not  linear.  Table  6.12  shows  that  there  was  a 
significant  year  effect  and  significant  interaction  between  years  and  site  for  fresh 
leaves.  Rgure  6.9A  shows  that  FEX  and  FCD  alternated  in  having  the  highest 
numbers  of  taxa  each  year  of  the  study.  Taxon  richness  on  autumn  leaves 
showed  a  significant  year  and  site  effect,  but  there  was  no  significant  interaction 
between  the  main  Actors.  Rgure  6.9A  shovi^  that  FEX  autumn  leaves  usually 
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had  higher  taxon  tidiness.  In  1986,  numbers  of  taxa  were  very  high  at  both 
sites;  whereas,  they  were  very  low  in  1984. 


Rgure  6.9A.  Mean  Taxon  Richness  (S)  on  Fresh  and  Autumn 
Leaves  at  FEX  and  FCD,  1984  - 1990.  FEX  Fresh  (squares),  FCD 
Fresh  (pluses),  FEX  Autumn  (diamonds),  FCD  Autumn  (triangles). 


Figure  6.9B.  Coefficient  of  Variation  values  for  taxon  richness  (S) 
at  FEX  and  FCD.  1984  - 1990.  FEX  Fresh  (squares),  FCD  Fresh 
(pluses),  FEX  Autumn  (diamonds),  FCD  Autumn  (triangles). 
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TABLE  6.12 

Two-Way  ANOVA  Tests,  Taxon  Richness  for  Insects  on  (A)  Fresh  arwj  for 
(B)  Autumn  Absdssed  Leaves  After  24  to  28  Days,  1984  -  1990 


1  Source 

dJ. 

SS 

QJUIQIIIIIIII 

Wigg!M 

Years 

6 

514.490 

85.748 

15317*** 

Site 

B 

18.00 

18.000 

3.215 

Irtteraction 

6 

238.286 

39.714 

7.094*** 

Error 

84 

510.857 

5.598 

(B)  AUTUMN 

m 

Years 

5 

1738.85? 

347.771 

40.394*** 

Site 

1 

42.857 

42.857 

4.978* 

Interaction 

5 

52.571 

10.514 

1.221  1 

Error 

72 

538.286 

8.610 

1 

Numbers  of  individuals  on  t!ie  leaves  generally  increased  through  time, 
except  for  1988  and  1990  (Figure  6.10A).  Numbers  were  higher  on  fresh  leaves 
at  F^  some  years  and  were  higher  on  fresh  leaves  at  FCD  other  years. 
However,  numbers  tracked  one  another  more  doseiy  for  autumn  leaves  even 
though  the  highest  numbers  oscillated  between  FEX  and  FCD  over  the  years. 
Coefficient  of  variation  values  were  highest  for  fresh  leaves  in  1985  (at  the  site 
upstream  of  FEX  used  that  year)  at  FEX;  CV  values  oscillated  much  more 
for  fresh  leaves  at  FEX  than  for 
any  other  treatment  and/or  site 
(Rgure  6.10B). 


a  iVLie.  ♦  Mem  «  rmM/r.  a 


Figure  6.10A.  Mean  number  of  individuals  on 
Fresh  and  Autumn  leaves  at  FEX  and  FCD. 
1984  - 1990.  FEX  Fresh  (squares),  FCD  Fresh 
(pluses),  FEX  Autumn  (diamonds),  FCD  Autumn 
(triangles). 
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Rgure  6.10B.  Coefficient  of  Variation  values  for  Number  of 
Individuals  at  FEX  and  FCO.  FEX  Fresh  (squares),  FCD  Fresh 
(pluses),  FEX  Autumn  (diamonds),  FCD  Autumn  (triangles). 

Table  6.13  presents  results  for  a  2-Way  ANOVA  for  numbers  of  individuals  on 
fresh  and  autumn  leaves  over  the  years. 

TABLE  6.13 

Two-Way  ANOVA  Tests,  Numbers  of  Insects  on  (A)  Fresh  a^d  for 
(B)  Autumn  Absdssed  Leaves  After  24  to  28  Days,  1984  - 1990 


Source 

dJ. 

ss 

MSS 

Fvalue 

(AfFRESH 

Years 

6 

1445836 

240973 

3.209* 

Site 

1 

128380 

128380 

1.709 

Interaction 

6 

577248 

96208 

1.281 

Error 

84 

6359564 

75103 

(B)MjnJMN 

Years 

5 

1612346 

122469 

76.802*** 

Site 

1 

1196 

1196 

0.750 

Interaction 

5 

7973 

1595 

0.475 

Error 

7^ 

243640 

3356 
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Numbers  of  individuals  showed  significant  year  differences  between  the  two 
sites.  Figure  6.10A  shows  that  numbers  of  individuals,  except  in  1988,  gradually 
increased  over  the  years  on  fresh  leaves.  1988  was  the  warmest  summer  and 
fall  over  the  period  of  our  study.  Warmer  water  temperatures  and  low  rainfall 
may  account  for  the  lower  insect  abundances  at  FEX  where  deployment  of 
leaves  was  in  shallower  waters  than  at  FCD.  There  were  two  peaks  in  1986  and 
in  1989.  Because  numbers  of  individuals  on  fresh  and  autumn  leaves  do  not 
inaease  or  decrease  linearly  with  time,  ANCOVAS  were  not  performed. 

Many  chironomids  colonize  leaf  inputs  in  the  Ford  River,  and  our  introduced 
leafpacks  are  no  exception.  They  dominate  many  of  our  samples.  Because  they 
are  very  common,  include  sever^  functional  feeding  groups,  and  show  patterns 
of  dominance  over  the  ’life'  of  each  lea^ack  season  as  well  as  among  the  years 
of  our  leafpack  studies,  we  analyzed  their  dominance  for  this  Report.  Figure 
6.11  A  shows  mean  dominance  and  Figure  6.1  IB,  CV  values  for  that  family. 

Chironomid  dominance  increased  over  the  years  for  samples  taken  after  four 
weeks’  incubation  each  year.  Except  in  1984  and  1985,  chironomids  dominated 
the  fresh  leafpack  samples  at  FCD  more  than  at  FEX.  This  was  not  true  for 
chironomids  on  autumn  leaf  packs.  Some  years,  dominance  was  higher  at  FEX 
and  other  years  It  was  higher  at  FCD  (Rgure  6.11  A).  Figure  6.1  IB  shows  that 
CV  values  for  dominance  on  autumn  leaves  decreased  over  time.  On  fresh 
leaves,  CV  values  peaked  in  1985,  but  decreased  to  less  than  20  percent  after 
1986.  Table  6.14  shows  the  relationships  between  years  and  sites  for  this  biotic 
parameter. 


TABLE  6.14 

Two-Way  ANOVA  Tests,  Chironomid  Numerical  Dominance  on  (A)  Fresh  and  for 
(B)  Autumn  Abscissed  Leaves  After  24  to  28  Days,  1984  -  1990 


1  Source 

dJ. 

SS 

F  value 

Years 

6 

3034.742 

505.790 

14.219*** 

Site 

1 

8.264 

8.264 

0.232 

Interaction 

6 

458.102 

76.350 

2.146 

Error 

84 

2325.282 

35.572 

(B)  AUTUMN 

Years 

5 

3320.247 

664.049 

32.484*** 

Site 

1 

20.016 

20.0163 

0.979 

interaction 

5 

481.827 

96.365 

4.714** 

Error 

72 

1414.294 

20.442 
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Figure  6.11  A.  Mean  chironomid  dominance  on  Fresh  and 
Autumn  leaves  at  FEX  and  FCO.  1984  •  1990.  FEX  Fresh 
(squares).  FCO  Fresh  (pluses),  FEX  Autumn  (diamoruls), 
FCO  Autumn  (triangles). 


Figure  6.1  IB.  Coefficient  of  Variation  values  for 
Chironomid  Dominance  at  FEX  and  FCO,  1984  1990.  FEX 
Fresh  (squares),  FCO  Fresh  (pluses),  FEX  Autumn 
(diamonds),  FCO  Autumn  (triangles). 
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Chironomid  dominance  on  fresh  leaves  showed  significant  year  differences. 
Dominance  continued  to  increase  over  the  years  (Figure  6.11  A).  The  significant 
interaction  term  for  dominance  on  autumn  leaves  was  owing  to  an  inconsistent 
pattern  of  dominance  at  the  two  sites.  Because  dominance  for  both  treatments 
was  linear  over  time,  ANCOVAS  were  performed,  Table  6.15.  Each  of  the 
covariates  showed  that  there  were  adjusted  mean  differences  for  the  two  leaf 
treatments.  There  were  no  slope  differences  for  fresh  leaves.  There  were  slope 
differences  for  autumn  leaves  when  cumulative  degree  days  were  used  as  the 
covahate. 


TABLE  6.15 

ANCOVAS  for  Chironomid  Dominance.  (A)  Cumulative  Degree  Days,  1986-1990 
(B)  Cumulative  ELF  Exjx)sure,  1986-1990 


FRESH 

FveJues 

Adj.Means 

F  values 
Slopes 

AUTUMN 

F  values 
Adl-Means 

F  values 

Slopes 

A  Cum. 

Degree  Dey 

5.759* 

3.748 

A  Cum. 
DegJiay 

15.484***. 

5.088* 

d,f. 

1,64 

1,63 

d.f. 

1.62 

1.61 

B.ELF 

Exposure 

8.X6** 

0.389 

B.ELF 

Btposure 

24.858*** 

0.397 

dJ. 

1,64 

1,63 

d.f. 

1.62 

1.61 

Functional  Community  Parameters 
1 .  Total  Insect  Mass 

Figure  6.12A  shows  the  mean  values  for  total  insect  mass  after  24  -  28  days’ 
incubation  over  the  years.  They  were  similar  over  time  until  1989  when  means 
were  very  high.  In  1990  total  mass/leaf  mass  dropped  from  1989  levels  for  both 
treatments  at  FEX  except  for  adjusted  insect  mass  on  fresh  leaves  at  FCD. 

Coefficient  of  variation  values  were  very  high  for  this  parameter  (Rgure 
6.12B).  There  was  no  year  where  all  of  the  values  were  less  than  50  percent. 
The  probability  of  detecting  any  ELF,  or  for  that  matter,  any  natural  physical 
effect  on  the  means  of  this  parameter  are  very  small  indeed.  Thus,  only  2-Way 
ANOVAS  were  run  for  this  parameter.  Table  6.16  shows  that  there  were 
significant  year  differences  between  the  two  sites  for  both  fresh  and  autumn 
leaves.  Autumn  leaves  showed  significant  site  effects  and  the  interaction  term 
was  significant  as  well.  Total  insect  mass/leaf  mass  on  autumn  leaves  was  the 
only  parameter  and  treatment  for  which  all  terms  in  the  2-Way  ANOVA  were 
significant.  Figure  6.12B  depicts  the  ’worst’  coefficient  of  variation  plot  we  had 
for  the  six  biotic  parameters. 
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Figure  6.12A.  Mean  Total  Mass/Leaf  Mass  (mg./gm)  at  FEX  and 
FCD,  1984  - 1990.  FEX  Fresh  (squares),  FCD  Fresh  (pluses),  FEX 
Autumn  (diamonds),  FCD  Autumn  (triangles). 


Figure  6.12B.  Coefficient  of  Variation  values  for  Total  Insect 
Mass/Leaf  Mass  (mg./gm),  1984  -  1990.  FEX  Fresh  (squares), 
FCD  Fresh  (pluses),  FEX  Autumn  (diamonds),  FCD  Autumn 
(triangles). 
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TABLE  6.16 

Two-Way  ANOVA  Tests,  Total  insect  Mass/Leaf  Mass  for 
(A)  Fresh  and  (B)  Autumn  Absdssed  Leaves 
After  24  to  28  Days,  1984  - 1990 


1  Source 

dJ. 

ss 

Fvakie 

m 

Years 

6 

4131.046 

686508 

26397*** 

Site 

1 

16430 

16430 

0.630 

Interaction 

6 

253.281 

42.214 

1.618 

Error 

84 

2&083 

Years 

5 

7609.504 

1521.901 

12.853*** 

Site 

1 

578.634 

578.634 

4.887* 

Interaction 

5 

4687.320 

937.464 

7.917*** 

Error 

72 

9996.803 

118.406 

2.  Changes  in  Mean  Dry  Weight  per  Individual  (MDW/IND)  for  Three  Species 

Individuals  of  species  found  in  sufficient  numbers  on  leafpacks  that  grew 
during  the  autumn  and  winter  seasons  were  monitored  for  possible  changes  in 
yearly  growth  rates  at  FEX,  FCD,  and  in  1990,  at  FEX.LINE.  Three  species 
fulfilled  those  criteria:  Eohemerella  invaria.  Eohemerella  subvaria  (mayfly  collector- 
gatherers),  and  Isooeria  transmarina  (a  predatory  stonefly). 

Changes  in  MDW/IND  values  for  each  species  were  plotted  against 
cumulative  degree  days.  The  physiological  time  clock,  cumulative  degree  days, 
began  on  the  leafpack  deployment  day  each  year.  Growth  was  related  to 
reductions  in  daily  water  temperatures.  Cumulative  degree  days  showed  that 
these  species  grew  faster  when  water  temperatures  decreased  rapidly  in  the  fall 
and  winter  months  (Rgures  6.13A,B  through  6.15A,B).  Rather  than  being  linear 
plots  (as  is  the  case  for  chronological  time),  these  plots  were  exponential,  with 
the  fastest  growth  rates  occurring  when  the  lowest  number  of  degree  days 
accumulated  between  sampling  dates.  By  late  October  through  December,  the 
waters  had  cooled  and  the  leaf  inputs  were  high  for  these  collector-gatherers  and 
predators.  All  three  species  emerge  in  the  late  spring-early  summer  eacy  year 
(See  Element  4,  This  Report.).  The  spedes  had  not  attained  their  peak  growth 
by  the  end  of  the  leafpack  experiments,  but  their  accelerated  rates  of  growth 
were  obvious  during  the  tenure  of  the  leafpack  experiments.  If  ELF  exposure 
alters  growth  rates,  one  would  expect  the  effects  to  be  apparent  in  rate  changes 
and/or  in  maximum  size  at  emergence.  This  Bement  and  Element  4  are 
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designed  to  identify  any  changes  if  they  are  statistically  significant  under  natural 
conditions. 

Table  6.17  presents  results  for  ANCOVAS  for  growth  of  E.  subvaria.  The 
covariate  is  chronological  time.  Comparisons  were  made  between  FEX  and 
FCD,  year  by  year,  and  between  FEX  and  FEX.IJNE  for  1990,  which  was  the  first 
year  we  initiated  studies  there. 

TABLE  6.17 

ANCOVAS  for  MDW/IND  Changes  for  Ephemerella  subvaria.  FEX  vs  FCD  and 
FEX  vs.  FEX.UNE.  Fresh  (A)  and  Autumn  (B)  Leaves,  1984  -  1990 


F  VALUES,  SIGNIF.  F  VALUES,  SIGNIF. 


FEX 

VS. 

FCD 

FRESH 

ADJ. 

MEANS 

SLOPES 

FEX 

vs: 

FCD 

AUT. 

ADJ. 

MEANS 

SLOPES 

1984 

0.688 

.001 

1984 

6.728* 

3.921 

1985 

1.951 

.066 

1986 

1.610 

5.978* 

1986 

2.385 

3.586 

1987 

1.761 

2.299 

1987 

1.644 

0.020 

1988 

1.797 

1.555 

1988 

0.241 

0.248 

1989 

2.169 

12.356*** 

1989 

0.996 

0.386 

1990 

2.115 

16.567*** 

1990 

1.426 

10.277** 

FEX 

VS. 

vs: 

FEX 

FEX 

UNE 

UNE 

FRESH 

AUT. 

1990 

4.433* 

34.465*** 

1990 

9.689** 

13.214*** 

There  were  no  significant  differences  in  adjusted  mean  values  for  E.  subvaria 
on  fresh  leaves;  however,  there  were  significant  differences  in  slopes  three  times. 
In  1986  and  in  1990,  the  slopes  of  the  MDW/IND  values  were  higher  at  FCD;  in 
1989,  they  were  higher  at  FEX.  Autumn  leaf  comparisons  showed  slope 
differences  in  1990;  the  slope  was  higher  at  FCD. 
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A  cxDmparison  between  FEX  and  FEX.UNE  for  1990  shows  that  not  only  were 
the  adjusted  mean  values  significantly  different  (high  y-intercept  at  FEX-UNE),  but 
the  slopes  differed,  with  FEX.UNE  values  being  higher.  The  new  site  has  high 
primary  productivity,  as  shown  in  Element  2  of  this  Report.  We  have  found,  thus 
far,  more  collector-gatherers  in  substrates  at  that  site  than  at  either  of  the  other 
two  sites.  The  preliminary  data  suggest  that  this  new  site  may  not  be  similar  to 
either  the  FEX  or  the  FCD  site.  Future  data  may  support  this  contention. 


Changes  in  MDW/IND  for  E.  subvaria  on  autumn  leaves  showed  an  adjusted 
mean  difference  in  1984.  The  y-intercept  was  higher  at  FCD.  In  1990,  there 
were  slope  differences  between  the  two  sites,  with  FCD  having  the  highest  slope 
A  comparison  between  FEX  and  FEX.UNE  for  this  treatment  showed  both  a  y- 
intercept  and  a  slope  difference  between  tfie  two  sites.  FEX.  LINE  was  higher  in 
both  cases. 


Overall,  It  appears  that  FEX  and  FCD  are  similar  with  respect  to  ’growth’  rates 
for  this  species.  However,  the  new  site  appears  to  be  much  different  from  either 
of  these  sites  with  respect  to  this  parameter.  Future  data  will  give  us  a  better 
view  as  to  whether  differences  will  be  statistically  significant  over  time. 

ANCOVAS  for  a  second  species,  Eohemerella  invaria  on  fresh  leaves,  showed 
that  there  were  no  significant  adjusted  mean  value  or  slope  differences  between 
FEX  and  FCD  and  between  FEX  and  FEX.IJNE  (Table  6.18). 


TABLE  6.18 

ANCOVAS  for  MDW/IND  Changes  for  Eohemerella  invaria.  FEX  vs  FCD  and 
FEX  vs.  FEX.UNE.  Fresh  (A)  and  Autumn  (B)  Leaves,  1984  -  1990 


t.  FEX  vs.  FCD 


F  VALUES.  SIGNIF. 


F  VALUES,  SIGNIF. 


FRESH 

ADJ. 

MEANS 

SLOPES 

AUT. 

ADJ. 

MEANS 

SLOPES 

1984 

0.503 

.460 

1984 

0.121 

0.410 

1985 

1.605 

.434 

1986 

2.332 

.034 

1986 

0.673 

6.230* 

1987 

1.400 

.0079 

1987 

0.410 

2.753 

1988 

1.332 

.691 

1988 

0.226 

4.081 

1989 

1.413 

.048 

1989 

2.234 

15.119*** 

1990 

0.420 

.116 

1990 

2.324 

5.832* 

im 


(L215 


QJSS. 


Figures  6.14A,  6.14B.  Ephemerella  invaria  (A)  Fresh  Leaves,  (B)  Autumn  Leaves. 
Changes  In  MDW/IND  vs.  Cumulative  Degree  Days.  FEX,  FCD,  1984-1990; 
FEX.UNE,  1990. 
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Changes  in  MDW/IND  for  E.  invaria  on  autumn  leaves  showed  significant 
slope  differences  between  FEX  and  FCD  three  times.  In  1986  and  in  1989  the 
slopes  were  higher  at  FCD;  in  1990,  they  were  higher  at  FEX.  There  were  no 
differences  in  adjusted  mean  values.  A  comparison  between  FEX  and  FEX. LINE 
also  showed  slope  differences:  the  slopes  were  greater  at  FEX.  Overall,  when 
significant  slope  differences  between  FEX  and  FCD  occurred  after  ELF  activation, 
they  were  higher  at  FCD  twice  and  they  were  higher  at  FEX  once.  No  pattern 
emerged  for  E.  invaria's  growth  rates  and  ELF  activation. 

A  predatory  stonefiy,  Isooerla  transmarina  on  fresh  leaves,  showed  significant 
differences  between  FEX  and  FCD  only  once.  Table  6.19.  That  was  in  1984,  and 
the  adjusted  mean  values  were  higher  at  FCD  (See  Rgure  6.15A).  Changes  in 
MDW/IND  values  for  insects  on  autumn  leaves  showed  a  significant  difference  in 
slopes  only  once  also;  namely,  in  1990  vy^en  the  slopes  were  higher  at  FEX.  A 
comparison  between  FEX  and  FEX.LINE  for  autumn  leaves  in  1990  also  showed 
significant  slope  differences.  Again,  the  slopes  were  higher  at  FEX  (See  Rgure 
6.15B). 


TABLE  6.19 


ANCOVAS  for  MDW/IND  Changes  for  Isooerla  transmarina.  FEX  vs  FCD  and 
FEX  vs.  FEX.LINE.  Fresh  (A)  and  Autumn  (B)  Leaves,  1984  -  1990 


i.FB(vs.FCD  F  VALUES.  SIGNIF.  F  VALUES,  SIGNIF. 


LISLss. 


FRESH 

ADJ. 

MEANS 

SLOPES 

AUT. 

ADJ. 

MEANS 

SLOPES 

1984 

4.329* 

1.963 

1984 

0.284 

0.247 

1985 

2.310 

1.674 

1986 

0.452 

3.172 

1986 

0.431 

1.328* 

1987 

0.002 

0.380 

1987 

0.064 

0.954 

1988 

Too  few 

data 

1988 

Too  few 

data 

1989 

0.003 

2.183 

1989 

0.158 

0.956 

1990 

0.282 

0.374 

1990 

0.592 

19.705*** 

PWLIfTe 


msssL 


(Lm 


QJUl 


zm. 


I*** 


Gmwlativ*  D«gr««  Days 


Rgures  6.15A.  6.15B.  Isoperia  transmarina  (A)  Fresh  Leaves.  (B)  Autumn  Leaves. 
Changes  in  MDW/INO  vs.  Cumulative  Degree  Days.  FEX,  FCD.  1984-1990; 
FEXUNE,  1990. 


Future  Plans  for  this  Bement 


Fresh  leaf  experiments  will  begin  in  late  August  each  year,  with  collection  of 
Day  ^  samples  being  coilected  in  mid-September.  Autumn-absdssed  leaves 
were  deleted  from  this  element  as  of  1991.  Identifications  of  insects  on  fresh 
leaves  will  be  made  for  all  collection  dates  in  1991  at  the  three  sites.  Owing  to 
reductions  in  effort  and  the  lag  time  of  approximately  one  year  in  identifications,  it 
is  probable  that  only  Day  28  samples  for  the  1992  year  will  be  completed.  Leaf 
losses  will  also  be  determined  for  that  day,  and  if  there  is  sufficient  person 
power,  processing  coefficients  will  also  be  taken.  (This  requires  five  times  the 
work  effort  in  the  initial  stages  of  the  monitoring  study.)  Changes  in  MOW/INO 
values  for  the  three  species  described  herein  will  also  cease  in  1992,  as  there  is 
intense  labor  involved  in  the  preparation,  collection,  and  identification  of  seven 
replicates  from  three  sites  over  six  collection  days. 

Discussions  as  to  how  to  handle  ELF  cumulative  exposure  data  in  terms  of 
analysis  will  be  made.  It  is  possible  that  future  analyses  will  include  multiple 
regressions,  using  discharge,  cumulative  degree  days,  and  possibly  ELF 
cumulative  exposure  as  the  physical  variables. 

We  will  request  cessation  of  the  FEX.L1NE  site  for  this  Element  in  1992  unless 
there  is  a  potential  for  long-term  funding.  This  site  appears  dissimilar  from  the 
other  two  sites  for  which  we  have  pre-  and  post-operational  data. 

Summary 

Each  year,  fresh  leaves  were  processed  faster  than  autumn  leaves.  There 
were  no  site  differences  for  fresh  leaves  or  for  autumn  leaves  when  all  the  years 
were  analyzed  together.  Fresh  leaf  losses  in  1990  at  the  new  site,  FEX.LINE 
were  less  than  the  mean  losses  at  the  original  sites;  however,  in  1991,  losses 
among  the  sites  were  similar.  The  addition  of  thi.^  new  site  may  have  come  too 
late  in  our  monitoring  program,  even  though  its  location  relative  to  ELF  ground 
field  exposures  is  better  than  the  original  test  site,  FEX. 

Coefficient  of  variation  values  for  structural  and  community  parameters  of  the 
insect  community  colonizing  leaves  were  low  after  the  leaves  had  been  in  the 
stream  for  four  weeks.  They  were  higher  for  earlier  collections  (Day  7,  14,  and 
21)  and  higher  again  for  later  collections  (Day  50,  80).  Therefore,  we 
concentrated  our  statistical  analyses  on  data  from  that  collection  period.  Taxon 
diversity  and  evenness  values  were  significantly  higher  at  FEX  even  though  they 
steadily  decreased  there  and  at  FCD  over  the  years.  Leafpack  experiments  were 
initiated  earlier  after  1986  and  this  probably  accounted  for  the  year  differences. 
The  insect  community  colonizing  leaves  at  FEX  appears  to  be  more  diverse,  but 
this  higher  diversity  cannot  be  attributable  to  ELF  fields.  Taxon  richness  showed 
no  consistent  year  or  site  pattern,  but  numbers  of  individuals  did.  They  tended 
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to  increase  over  the  years  in  similar  ways  at  both  sites.  Numerical  dominance  of 
chironomids  also  increased  on  both  leaf  treatments  at  the  two  sites  over  the 
years.  Insect  mass,  adjusted  to  leaf  mass,  increased  dramatically  in  1989  and 
continued  to  increase  on  both  treatments  at  FCD,  but  especially  on  autumn 
leaves.  Most  of  the  biotic  parameters  showed  significant  year  differences  but  did 
not  show  site  differences.  Graphical  analyses  did  not  show  that  the  year 
differences  were  associated  with  ELF  activ^on.  ANCOVAS  on  linear  data  were 
performed,  using  cumulative  degree  days  and  then  ELF  ground  field  cumulative 
exposure.  Often  there  were  y-intercept  differences,  but  rarely  were  there  slope 
differences.  The  use  of  ELF  exposure  as  a  covariate  in  ANCOVAS  is 
questionable  in  that  the  data  at  the  reference  site  were  derived  from  those  at  the 
test  site.  Multiple  regression  analyses  could  be  a  better  alternative  in  relating 
physical  factors  to  our  biotic  parameters. 

Mean  growth  rates  of  three  species,  Eohemerella  subvaria.  Eohemerella 
invaria.  and  Isoperla  transmarina,  were  similar  at  the  two  sites  each  year  of  the 
study.  There  were  a  few  times,  however,  when  there  were  significant  slope 
differences  between  the  two  sites.  Because  the  sites  oscillated  over  time  with 
respect  to  slope  differences,  it  is  improbstole  that  ELF  activation  is  related.  We 
compared  results  from  the  new  site,  FEX.UNE  with  those  from  our  original  site, 
FEX.  There  were  significant  differences,  both  in  adjusted  mean  values  and  in 
slopes  for  E.  subvaria  on  both  leaf  treatments.  There  were  significant  slope 
differences  for  the  other  two  species  on  autojmn  leaves.  The  general 
characteristics  of  the  nev<  site,  separate  from  its  value  of  having  a  10-fold 
difference  in  ELF  exposure  with  respect  to  ttie  control  site,  appear  to  be  distinctly 
different  from  either  the  original  test  or  control  site.  Our  preliminary  data  support 
that  biological  viewpoint. 

A  summary  of  results  for  statistical  analyses  for  this  Element  appears  in  two 
tables.  Table  6.20  contains  eight  biotic  parameters  and  four  analyses.  Leaf 
processing  coefficients  (-i</day)  for  each  year  from  1984  through  1991  were 
compared,  using  a  two-tailed  Student  t-test.  The  remaining  seven  parameters 
include  data  for  one  collection  period,  four  weeks’  incubation  data,  from  1984 
through  1990.  Significant  main  effects  and  interactions  are  presented  In  the  Two- 
way  ANOVA  column.  Within  site  multiple  regression  analyses  for  looking  at 
relative  correlations  among  physical  factors  employed  the  independent  variables 
years,  discharge  (disch),  and  cumulative  degree  days  (CCD).  These  analyses 
were  performed  on  leaf  losses  after  four  weeks.  The  highest  partial  F  value: 
were  listed  only  If  the  R*  values  were  greater  than  0.50.  ANCOVAS  were 
performed  on  insect  colonization  data  that  were  linear  from  1986  - 1990  (after 
ELF  activation)  to  analyze  for  effects  of  ELF  cumulative  exposure.  Separate 
ANCOVAS  were  run  for  each  of  the  two  physical  variables,  cumulative  degree 
days  and  ELF  cumulative  exposure. 
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TABLE  6.20 

Summary  of  Statistics  for  Leaf  Processing  arKj  Insect 
Colonization  on  Fresh  and  Autumn  Alnus  ruqosa  Leaves 


PARAMETER. 

TREATMENT 

2  TAIL 
TTEST 

2-WAY 

ANOVA 

MULRPLE 

REGRESSION 

ANCOVA 

-K/DAY,  Fresh 

as. 

-K/DAY,  Autumn 

as. 

After  4  Weeks 

Leaf  tosses,  Fresh 

Site,Yr,lnter. 

FEX:  Discharge 

Leaf  losses,  AuL 

Site 

FEX:  Discharge 

FCD:  Year 

Diversity,  Fresh 

Site.  Yr 

Mean:  CDD.ELF 
Slope:  n.s. 

Diversity,  Autumn 

Site,  Yr 

Mean;  CDD.ELF 
Slope:  as. 

Evenness.  Fresh 

Years 

Mean;  CDD.ELF 
Slope:  n.s. 

Evenness,  Autumn 

Site,Yr.lnter. 

Mean.  ELF 

Slope:  n.s. 

Richness,  Fresh 

Yr,  Interact 

Richness,  Autumn 

Site,  Yr 

#  Individ.,  Fresh 

Years 

#  Individ.,  Aut 

Years 

Midge  Dom.,  Fresh 

Years 

Mean:  CDD.ELF 
Slope:  n.s. 

Midge  Dom.,  AuL 

Yr,  Interact 

Mean:  CDD.ELF 
Slope:  CDD 

Insect  Mass,  Fresh 

Years 

Insect  Mass,  Aut 

Site,Yr,lnter. 

Table  6.21  gives  a  summary  of  year  by  year  comparisons  between  FEX  and 
FCD  with  respect  to  changes  in  mean  dry  weight  per  individual  (MOW/IND)  for 
three  insect  taxa.  Leaf  treatments  were  analyzed  separately.  When  there  were 
no  significant  differences  between  FEX  and  FCD,  that  was  noted  with  a  zero  (0); 
when  FEX  was  higher  than  FCD,  it  was  noted  with  a  plus  (+);  and  when  FEX 
was  lower  than  FCD,  It  was  noted  with  a  minus  (-).  Comparisons  between  FEX 
and  FEX.LINE  were  also  made  for  1990  data.  The  same  notation  was  used. 
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Element  2  -  Ziali  CQBBUnitY  goncggitian  god  Abundance 


Changes  from  workplan:  Data  analysis  design  structured  in 
this  manner;  pre-operational  years  (1983-1985) ,  transitional 
years  (1986-1989),  and  post-operational  years  (1990-1991). 
The  primary  analyses  presented  in  this  report  compare  pre- 
operational  years  with  transitional  and  post-operational 
years.  Also,  in  1991  movement  of  all  fish  species  was 
monitored  at  FEM,  a  new  site  400m  upstream  of  FEX. 

The  use  of  scales  for  age  auid  growth  analysis  of  common 
shiners,  creek  chubs,  and  white  suckers  has  been 
discontinued  due  to  difficulties  in  obtaining  accurate  age 
estimates  from  scales.  Length  frequency  distribution 
analysis  will  replace  the  scale  method  for  age  and  growth 
determination.  However,  due  to  the  lack  of  standard  methods 
for  determining  age  and  growth  from  length  frequency 
distributions  this  portion  of  the  report  is  not  completed. 
The  initial  results  of  the  analysis  are  included  in  this 
report . 

Objectives 

The  overall  goal  of  this  element  is  to  determine  the 
effects  of  the  Navy's  ELF  project  on  the  fish  community 
structure  and  movement  characteristics  in  the  Ford  River. 

Our  specific  objectives  are  to  determine:  1)  The  fish 
community  species  composition  and  relative  abundance  at  FEX 
and  FCD;  2)  The  age,  length/weight  characteristics,  growth, 
and  condition  of  the  species  most  represented  in  the  gear 
(burbot,  common  shiners,  creek  chubs  and  white  suckers) 
excluding  brook  trout  (see  Element  8) ;  3)  The  relative 
mobility  of  the  fish  community  excluding  brook  trout  (see 
Element  8)  in  the  Ford  River. 

A.  <?QBBB.UniLt.Y  gQBPggitign  and  Abundance 

Fish  were  caught  using  fyke  nets  fished  in  tandem,  one 
facing  upstreeua  and  one  facing  downstream,  at  FEX  and  FCD. 

In  addition,  two  1/2  inch  wire  mesh  weir  sites  (FCU  and  TM) , 
in  a  configuration  similar  to  Hall's  (1972),  were  fished  in 
an  effort  to  determine  the  movement  patterns  of  fish  marked 
at  FEX  and  FCD.  To  determine  whether  brook  trout  were 
capable  of  passing  underneath  the  antenna,  a  new  net  site 
(FEN)  was  established  approximately  400m  upstream  of  FEX  in 
1990.  All  species  were  monitored  at  this  site  in  1991. 

Nets  and  weirs  were  fished  continuously  from  May  17  to  July 
19  with  the  exception  of  5  days  in  early  June  and  6  days  in 
early  July  when  discharge  levels  were  above  gear  and 


252 


personnel  capabilities  to  fish.  When  catch  rates  were  low 
(<  1  fish/day)  from  July  19  through  September  15,  the  gear 
was  fished  4  days/week  (deployed  on  Monday  and  removed  on 
Friday) .  The  gear  at  FEN  was  fished  continuously  from  June 
11  through  July  2.  All  gear  was  checked  every  24  hours. 

The  number  of  sampling  days  for  each  year  is  reported  in 
Figure  7.1. 

All  fish  were  enumerated,  measured  for  total  length, 
weighed  and  marked  by  a  fin  clip  distinctive  for  each  study 
site.  The  fish  were  then  returned  to  the  water  upstream  or 
downstream  from  the  station  in  their  original  direction  of 
travel.  At  FEN,  FCU,  and  TM,  species  other  than  brook  trout 
were  enumerated  and  examined  for  fin  clips  only. 

B.  Fish  goiMUDitY  Mobility 

Movement  patterns  for  the  domxnant  species  in  the  Ford 
River  were  monitored  by  observing  the  frequency  of  recapture 
of  fin  clipped  fish  in  our  gear.  Fish  recaptured  at  a  site 
other  than  the  original  marking  site  were  measured  for  total 
length  and  given  an  additional  fin  clip  specific  to  the 
recapture  site. 

Results  and  Discussion 

A.  Species  composition 

Seventeen  species  from  five  orders  and  ten  families  were 
collected  at  FEX  in  1991  (Table  7.1).  No  new  species  were 
observed  in  1991  at  FEX.  Differences  in  the  overall  FEX 
species  composition  between  years  can  be  attributed  to 
changes  in  the  catch  of  rare  species. 

The  catch  at  FCD  in  1991  consisted  of  nineteen  species 
from  ten  families  and  five  orders  (Table  7.2).  No  new 
species  were  added  to  the  species  list  at  FCD  in  1991. 

Again,  as  in  the  FEX  samples,  the  only  changes  in  the 
species  composition  occurred  in  the  rare  species  which  occur 
infrequently . 

As  in  the  past,  the  species  composition  was  slightly 
higher  at  FCD  than  at  FEX  which  is  a  result  of  species 
infrequently  captured.  Overall  the  two  sites  continued  to 
be  similar  in  species  composition  and  consistent  within  a 
site  over  the  duration  of  the  study. 


B.  Species  abundance 

The  numeric  catch  at  FEX  was  dominated  by  5  species  with 
the  majority  of  the  individuals  from  the  cyprinid  family 
(Figure  7.2).  Common  shiner  percent  catch  by  number  was  the 
highest  at  58.4%  and  was  above  their  mean  for  all  years 
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Table  7.2.  Fiah  apecies  collected  at  FCD  from  May  1983  through  September  1991  uaing  1/2*  meah 

_ fyke  neta.  Scientific  names  are  from  Roblna  et  al.  1980.  _ 

Scientific  Name  Common  Name  FCD 
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Cottua  balidl  (Giranl)  Mottied  acuipin 
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1991 


coabinttd  (33.3%).  White  suckers  made  up  13.3%  of  the  catch 
which  is  above  the  mean  over  all  years  combined  (12.5%). 
Creek  chub  percent  catch  by  number  (11.9%)  in  1991  was  below 
the  mean  for  all  years  combined  (22.6%).  Brook  trout  (8.2 
%)  percent  catch  by  number  in  1991  at  FEX  was  below  the  mean 
(11.6%)  for  all  years.  Burbot  percent  catch  by  number 
decreased  from  8.7%  in  1990  to  3.2%  in  1991  which  is  well 
below  12.8%,  the  mean  for  all  years  combined. 

The  relative  numeric  abundance  of  the  catch  at  FCD  was 
dominated  by  the  same  species  (common  shiners)  as  at  FEX 
(Figure  7.2).  Common  shiners  made  up  57.4%  of  the  total 
catch  at  FCD  which  was  well  above  43.3%,  the  average  for  all 
years  combined.  The  percent  of  creek  chubs  in  the  catch  was 
13.6%  which  was  down  from  the  mean  for  all  years  combined 
(24.2%).  The  white  sucker  component  in  1991  consisted  of 
12.6%  of  the  total  number  of  fish  and  was  slightly  above  the 
mean  for  all  years  combined  (11.7%).  Burbot  (1.6%)  and 
brook  trout  (5.8%)  catch  in  1991  decreased  when  compared  to 
their  means  over  all  years  (5.7%  and  8.1%  respectively). 

To  analyze  the  total  catch  by  numbers  by  year,  the  data 
for  each  species  were  first  weighted  by  the  number  of  net 
days  per  site  per  year.  There  were  no  significant 
differences  between  FEX  and  FCD  in  total  numbers  caught  when 
these  values  were  adjusted  by  the  number  of  net  days  (Table 
7.3)  In  addition,  significant  correlations  existed  between 
FEX  and  FCD  (Spearman  Rank  Correlation,  p<0.05)  in  numeric 
abundance  of  each  species  adjusted  by  the  number  of  net  days 
in  1985  through  1991  (Table  7.4).  The  numeric  catch  in 
1983,  1984,  and  1990  were  not  correlated.  To  examine  the 
correlation  results  for  all  9  years,  a  X^  test  (alpha**o . 05) 
from  Sokal  and  Rohlf  (1969,  pg  623)  was  used.  This  test 
assumes  that  each  year  represents  an  independent  test  of  the 
overall  hypothesis  of  no  similarity  between  sites  and 
confirmed  the  similarity  between  sites  (X^*52.73,  df=18, 
p<0.05) . 

A  BACI  (Stewart-Oaten  and  Murdoch,  1986)  analysis  was 
used  to  test  pre-operational  (1983-1985)  versus  transitional 
(1986-1989)  numeric  catch  data.  An  analysis  was  conducted 
for  each  of  the  species.  Individual  species  data  were  log 
transformed  and  a  2  sample  t-test  performed  using  the 
difference  between  FCD  and  FEX.  No  evidence  of  a  difference 
between  the  pre-operational  and  transitional  period  was 
observed  in  the  numeric  catch  data  for  any  of  the  species 
(Table  7.5a).  Further,  treating  each  of  the  6  species 
categories  as  an  independent  trial,  yielded  no  evidence  of  a 
difference  between  the  pre-operational  and  transitional 
periods  (Sokal  and  Rohlf  X^  test  (1969,  pg  623)  of  BACI 
results  in  Tadsle  7.5a;  X^»3.61,  df=12,  p>0.05.).  BACI 
analysis  was  also  used  to  test  pre-operational  and  post- 
operational  nvimeric  catch  data  (Table  7.5a).  No  significant 
difference  was  found  to  exist  (X^14.01,  df*12,  p>0. 05). 
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TeQale  7.3.  Chi  Square  analysis  by  year  of  the  numeric  catch 
(adjusted  for  the  number  of  net  days)  between  FEX 
and  FCD  from  1983  through  1991. 


YEAR 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

X2 

VALUE 

3.98 

4.30 

1.30 

1.44 

5.96 

6.04 

1.18 

4.06 

0.69 

a 

*  5,0.05 

11.1 

NONE 

SIG. 

Tedale  7.4.  Spearm2m  Rank  Correlation  Coefficients  for  the 
ntuieric  catch  (adjusted  for  the  number  of  net 
days)  at  FEX  and  FCD  from  1983  through  1991. 


YEAR 

CORRELATION 

COEFFICIENT 

probability' 

1983 

0.543 

0.266 

1984 

0.200 

0.704 

1985 

0.886* 

0.019 

1986 

0.886* 

0.019 

1987 

0.828* 

0.041 

1988 

0.828* 

0.041 

1989 

0.943* 

0.005 

1990 

0.486 

0.329 

1991 

0.886* 

0.019 

*  INDICATES  SIGNIFICANT  CORRELATION  EXISTS 

'  Used  in  Sokal  and  Rohlf  (1969)  X^  test  to  examine  correlation 
results  over  the  8 -year  period,  where: 


X^jg  =  -2Sum(ln  P)  «  52.73;  df»2*(nuittber  of  tests)=18 
X^^o.os  *28.9 

and  'P  *  the  probability  associated  with  the  correlation 
coefficient. 
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Table  7.5a.  BACI  analysis  using  2  seunple  t>test  on  log 

transformed  data  to  test  pre-operational  (1983> 
1985}  vs.  transitional  (1986-1989)  and  pre- 
operational  vs.  post-operational  (1990-1991) 
numeric  catch  data. 


Pre  vs. 

Trans 

Pre  vs 

.  Post 

SPECIES 

^eale. 

Probability’ 

^eale 

Probability^ 

Burbot 

0.457 

0.667 

1.406 

0.254 

Brook  Trout 

0.673 

0.531 

0.638 

0.569 

Creek  Chub 

l.p04 

0.361 

1.657 

0.196 

Common  Shiner 

0.773 

0.474 

1.363 

0.266 

White  Sucker 

0.572 

0.592 

0.227 

0.835 

Other 

0.848 

0.435 

1.964 

0.144 

tj  o.os  *  2.57  None  Sig. 

'Sokal  and  Rohlf  test  of  BACI  results  (see  Table  7.4  for 
explanation  of  method):  »  3.61,  X^,  „  «  ■  21.0. 

Not  significant.  ' 

^Sokal  and  Rohlf  X*  test  of  BACI  results:  ■  14.01,  X^^j  o  os  * 

21.0. 

Not  signifcant 


Table  7.5b.  BACI  one-way  ANOVA  on  log  transformed  data 

to  test  pre-operational  vs.  transitional  vs. 
post-operational  numeric  catch  data. 


SPECIES 

^2.6 

ProbadJility' 

Burbot 

2.23 

0.188 

Brook  Trout 

0.24 

0.793 

Creek  Chub 

1.68 

0.264 

Common  Shiner 

1.34 

0.329 

White  Sucker 

0.23 

0.800 

Other 

2.25 

0.187 

'Sokal  and  Rohlf  X^  test: 
None  significant 

^12,.05  *  21.0 
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Purthernore,  a  one>way  ANOVA  of  the  log  transformed  data  was 
used  to  test  pre-operational ,  transitional,  and  post- 
operational  periods  (Table  7.5b).  There  was  no  evidence  of 
any  difference  in  numeric  catch  among  the  three  periods 
(X^12.49,  df»12,  p>0.05).  Overall,  there  were  no 
significant  between  site  differences  or  between  period 
differences  in  catch  by  number  over  all  years  of  the  study 
despite  species  showing  variedale  abundance  from  year  to 
year. 

Percent  catch  by  biomass  showed  different  trends  in 
community  structure  than  the  catch  by  number  at  both  sites 
(Figure  7.3).  White  suckers  displayed  the  highest  percent 
catch  by  biomass  at  FEX  encompassing  35.1%  of  the  catch. 

This  was  well  edsove  25.0%  which  was  the  mean  for  all  years 
combined  at  this  site.  Brook  trout  percent  catch  by  biomass 
was  second  highest  at  FEX  in  1991  at  23.3%  which  was  below 
the  mean  for  all  years  combined  (29.6%).  Percent  catch  by 
biomass  for  common  shiners  was  above  the  average  for  all 
years  (23.2%,  mean  =  14.0%).  Creek  chub  (8.3%)  and  burbot 
percent  catch  by  biomass  (3.5%)  at  FEX  in  1991  were  well 
below  the  mean  for  all  years  combined  (14.6%  and  19.8% 
respectively) . 

The  catch  biomass  at  FCD  showed  similar  trends  as  FEX 
with  the  same  five  species  dominating  the  catch  (Figure 
7.3).  Brook  trout  and  common  shiners  were  the  dominant 
species  making  up  24.2%  and  23.0%  of  the  biomass 
respectively,  and  were  above  the  means  over  all  years 
combined  (23.6%  and  20.7%).  White  sucker  (22.2%)  and  creek 
chub  (8.9%)  percent  catch  by  biomass  was  below  the  mean  for 
all  years  combined  (25.7%  and  17.6%  respectively).  Burbot 
made  up  6.9%  of  the  catch  biomass  in  1991  at  FCD  which  was 
slightly  above  the  average  for  all  years  (5.6%). 

The  cyprinid  biomass  at  FCD  continued  to  be  higher  than 
at  FEX.  To  analyze  the  species  biomass  data,  biomass 
estimates  were  first  adjusted  for  the  niiinber  of  net  days. 

FEX  and  FCD  displayed  similar  patterns  in  4  of  the  9  years 
(Table  7.6;  Spearman  Rank  Correlation,  p<0.05).  However, 
using  the  X^  test  described  by  Sokal  and  Rohlf  (1969,  pg 
623) ,  over  the  9-year  period  of  the  study  FEX  and  FCD  had 
similar  catch-by-biomass  patterns  (X^*49.36,  df=18,  p>0.05). 
No  evidence  of  any  difference  between  pre-operational  and 
transitional  biomass  data  for  any  species  was  observed  (BACI 
analysis,  2  sample  t-test,  alpha=0.05)  (Table  7.7a).  A  test 
of  the  BACI  analysis  confirmed  the  result  (Sokal  and  Rohlf 
X^  test,  X^*2.08,  df*12,  p>0.05).  A  BACI  analysis  of  the 
pre-operational  and  post-operational  biomass  data  detected  a 
significant  difference  in  the  biomass  of  burbot  between  the 
two  periods  (Table  7.7a)  However,  there  were  no  significant 
differences  between  the  biomass  of  all  the  other  species 
(Table  7.7a).  In  addition,  a  one-way 
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”  BT  bur  CS  CC  W5  UI 

□  1983-1990  ■  1991 

Figure  7.3.  Percent  catch  by  biomass  at  FEX  and  FCD  from  1983  through  1991. 


Table  7.6.  Spearman  Rank  Correlation  Coefficients  for  catch 
by  biomass  (adj listed  for  the  number  of  net  days) 
at  FEX  and  FCD  from  1983  through  1991. 


YEAR 

CORRELATION 

COEFFICIENT 

PROBABILITY' 

1983 

0.600 

0.208 

1984 

0.786* 

0.064 

1985 

0.886* 

0.019 

1986 

0.657 

0.156 

1987 

0.829* 

0.041 

1988 

0.671 

0.144 

1989 

0.943* 

0.005 

1990 

0.600 

0.208 

1991 

0.771 

0.072 

*  INDICATES  SIGNIFICANT  CORRELATION  EXISTS 
^Sokal  amd  Rohlf  X*  test:  X^^^j  »  49.36,  X*,- q  « 

Significant.  See  Table  7.4  for  further  detail 


28.9. 
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Table  7.7a.  BACI  analysis  using  2  seunple  t-test  on  log 

transformed  data  to  test  pre-operational  (1983- 
1985)  vs.  transitional  (1986-1989)  and  pre- 
operational  vs.  post-operational  (1990-1991) 
catch  by  biomass  data. 


SPECIES 

^cale. 

ProbeUbility’ 

^calc. 

Probability^ 

Burbot 

0.902 

0.930 

3, 

,171 

0.050 

Brook  Trout 

0.230 

0.827 

0. 

044 

0.968 

Creek  Chub 

0.309 

0.770 

1. 

.290 

0.287 

Common  Shiner 

1.464 

0.203 

1. 

.342 

0.272 

White  Sucker 

0.116 

0.912 

0. 

,170 

0.876 

Other 

0.227 

0.829 

1. 

.058 

0.368 

t,  (j  05  *  2.57  *  Significant 


^Sokal  and  Rohlf  test  of  BACI  results  (see  Table  7.4  for 
explanation  of  method):  ■  2.08,  X^,2  o  os  *  21.0. 

Not  Significant. 

^Sokal  and  Rohlf  X^  test  of  BACI  results:  X^„.,  »  13.42, 
^^12,0.05 

Not  significant. 


Table  7.7b. 

BACI 

test 

post- 

one  way  ANOVA  on  log  transformed  data  to 
pre-operational  vs.  transitional  vs. 
-operational  catch  by  biomass  data. 

SPECIES 

^2.6 

Probability' 

Burbot 

8.64* 

0.017 

Brook  Trout 

0.04 

0.960 

Creek  Chub 

1.15 

0.377 

Common  Shiner 

1.68 

0.263 

White  sucker 

0.05 

0.956 

Other 

0.64 

0.561 

Fj  0  0.05*^  •  *signif  icant 

’sbkal  and  Rohlf  X^  test: 
Not  significant 


calc. 


»  14.10,  X‘ 


12,0.05 


=  21. 
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AN.OVA  of  the  pre-operational ,  transitional,  and  post- 
operational  percent  catch  by  biomass  data  revealed  a 
difference  in  the  biomass  of  burbot  among  the  three  periods. 
There  were  no  significant  differences  in  percent  catch  by 
biomass  for  all  the  other  species  (Table  7.7b). 

Shannon-Weaver  diversity  values  for  1991  were  similar  to 
the  lower  values  observed  in  1988  through  1990  (Table  7.8). 

A  Spearman  Rank  Correlation  test  (r^^O.SO,  p<0.05)  indicated 
a  similar  pattern  in  the  Shannon-Weaver  index  for  FCD  and 
FEX  from  1983-1991.  A  BACI  analysis  was  done  comparing  the 
pre-operational  (1983-1985)  and  transitional  periods  (1986- 
1989) .  A  two-sample  t-test  was  used  to  compare  the  log- 
transformed  difference  between  the  yearly  FCD  and  FEX  index 
values.  No  significant  difference  between  the  two  periods 
was  found  (t=0.912,  df*5,  p>0..>).  A  BACI  analysis  of  pre- 
operational  and  post-operational  also  revealed  no 
significant  differences  (t=0.335,  df=5,  p>0.05)  between  the 
Shannon-Weaver  diversity  values  for  the  pre-operational  and 
the  post-operational  periods. 

Diversity  values  have  decreased  in  a  fairly  linear 
fashion  over  the  course  of  the  study  according  to  the 
following  relationships: 

FEX:  Index  --  10.80  -  0.104  (Year)  r^  =  0.72 

FCD:  Index  =  9.52  -  0.089  (Year)  r^  =  0.63. 

The  rate  of  decrease  (slope)  of  diversity  at  FEX  and  FCD  was 
not  significantly  different  (ANCOVA,  F,  ^^*0.1709,  p>0.05). 

In  addition,  the  intercepts  were  found  'to  be  similar 
(ANCOVA,  F,  ,5=0.001,  p>0.05).  Overall,  diversity  values 
continued  t'o  be  similar  between  sites  and  should  be  a 
sensitive  indicator  of  ELF  effects  during  operational  years. 


C.  Catch  Statistics 

Catch  rates  at  both  FEX  and  FCD  showed  the  large  amount 
of  variance  for  all  species  one  would  expect  from  catches 
having  a  negative  binomial  distribution.  White  suckers, 
common  shiners  and  creek  chubs  all  have  high  spring  -  early 
Slimmer  catch  rates  because  of  spawning  movements.  Brook 
trout  catch  rates  are  also  high  in  the  late  spring  -  early 
summer  but  this  is  attributed  to  water  temperatures 
increasing  above  optimal  (see  Element  8,  Brook  Trout 
Movement  Characteristics) .  The  size  distribution  of  the 
species  commonly  caugh-  can  be  seen  in  Figure  7.4 (a-i) 

Mean  lengths  of  the  dominant  species  at  FEX  have 
remained- fairly  constant  through  all  years  (Figure  7.5). 
Brook  trout  showed  a  slight  decrease  in  mean  length  from 
1983-1988  (mean  »  190.6  mm),  but  mean  length  in  1989 


Table  7!8.  Mean  daily  Shemnon-Weaver  diversity  index  values 
for  FEX  and  FCD  from  1983  through  1991. 


YEAR  FEX  FCD 


1983 

2.16 

+ 

0.26 

1.94 

0.36 

1984 

2.20 

+ 

0.56 

2.03 

+ 

0.33  1 

1985 

1.97 

+ 

0.39 

2.15 

± 

0.33 

1986 

1.62 

+ 

0.48 

1.87 

+ 

0.31  1 

1987 

2.13 

+ 

0.18 

2.11 

i 

0.45 

1988 

1.62 

± 

0.34 

1.54 

± 

0.27  i 

1989 

1.41 

± 

0.36 

1.47 

± 

0.43  1 

1990 

1.42 

± 

0.58 

1.32 

+ 

0.27 

1991 

1.47 

± 

0.32 

1.56 

+ 

0.33  1 
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Rgure  7.4a  Length  frequency  distribution  of  annual  catch  of  burbot  at  FCO  and 
FEXfrom  1983  to  1965. 
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Rgure  7.4b.  Length  frequency  distribution  of  annuai  catch  of  burbot  at  FCD  and 
FEX  from  1986  to  1 888. 
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LENGTH  (MM) 

Rgure  7.4c.  Length  frequency  distribution  of  annuai  catch  of  burbot  at  FCD  and 
FEXfroml989to  1991. 
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FREQUENCY 


LENGTH  (MM) 

Rgure  7.4d.  Length  frequency  distribution  of  annuai  catch  of  common  shiners  at 
FCD  and  FEX  from  1983  to  1985. 
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Rgure  7.4e.  Length  frequency  distribution  of  annual  catch  of  common  shiners  at 
FCO  and  FEXfrom  1986  to  198& 
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FREQUENCY 


LENGTH  (MM) 


Rgure  7,4f.  Length  frequency  distribution  of  annual  catch  of  common  shiner  at 
FCD  arKl  FEX  from  1989  to  1901. 


274 


FREQUENCY 


CREEK  CHUBS 


10  30  50  70  90  110  130  150  170  190  210  230  250  270  290 
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Rgure  7.4h.  Length  frequency  distribution  of  annual  catch  of  creek  chubs  at 
FCD  and  FEX  from  1986  to  1988 
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Rgure  7.4i.  Length  frequency  distribution  of  annual  catch  of  creek  chubs  at 
FCD  and  FEXfrom  1989  to  1991. 
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Rgure  7.4j.  Length  frequency  distribution  of  annuai  catch  of  white  suckers  at 
PCD  and  FEX  from  1983  to  1985. 


20  60  100  140  180  220  260  300  340  380  420  460  500 

LENGTH  (MM) 

Rgure  7.41c.  Length  frequency  distribution  of  annuai  catch  of  white  suckers  at 


I 


FCD  and  FEX  from  1986  to  1988. 
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20  60  100  140  180  220  260  300  340  380  420  460 

LENGTH  (MM) 

Rgure  7.41.  Length  frequency  distribution  of  annuai  catch  of  white  suckers  at 
FCD  and  FEX  from  1988  to  1991. 


BT= Brook  Trout  BUfl=Burbol  CS= Common  Shiner 
CCsCreek  Chub  WS=While  Sucker 
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increased  to  the  highest  (231.5  mm)  ever.  Brook  trout  mean 
lengths  in  1990  (203.5  mm)  and  1991  (208.0  mm)  were  above 
the  mean  for  all  years  (200.1  mm).  Burbot  (188.2  mm),  creek 
chub  (133.7  mm),  and  white  sucker  (190.0mm)  mean  lengths  in 
1991  were  above  means  for  all  years  combined  (176.2  mm, 

129.0  mm,  and  174  mm  respectively)  while  common  shiner 
(107.2  mm)  mean  length  was  below  the  average  for  all  years 
combined  (110.6  mm).  Overall  changes  in  mean  length  have 
been  slight  which  indicates  that  the  size  structure  is 
consistent  from  year  to  year  within  the  mobile  fish 
community  at  FEX. 

FCD  showed  a  pattern  similar  to  FEX  in  that  brook  trout 
(231.7  mm)  and  burbot  (189.4  mm)  mean  lengths  were  well 
above  the  means  for  all  years  combined  (221.2  mm  and  181.2 
mm  respectively)  (Figure  7.5).  Common  shiners  (110.8  mm), 
creek  chubs  (127.0  mm)  and  white  suckers  (164.5  mm)  had  mean 
lengths  slightly  below  their  means  for  all  years  combined 
(113.4  mm,  132.9  mm  and  176.6  mm  respectively). 

Brook  trout  and  common  shiners  were  generally  larger  in 
mean  length  at  FCD  than  FEX  while  burbot,  creek  chubs  and 
white  suckers  showed  no  pattern  in  mean  length  between 
sites.  Overall,  the  two  sites  continued  to  be  similar  in 
mean  length  and  in  trends  in  mean  length.  Therefore,  ELF 
effects  should  be  detect ible  through  changes  in  species  size 
structure . 

D.  Fish  Community  Mobility 

Common  shiners,  creek  chubs, and  white  suckers 
demonstrated  site  to  site  movement  as  shown  by  the  recapture 
rate  at  sites  other  than  the  marking  site  (Table  7.9a  and 
b) .  The  total  number  of  nonsalmonids  marked  at  FEX  and  FCD 
in  1991  were;  burbot  83,  common  shiners  2056,  creek  chubs 
484,  and  white  suckers  472.  Overall  recapture  percentages 
in  1991  were  about  average  when  compared  to  previous  years 
(Table  7.9a  and  b)  .  Site  to  site  moveaient  was  observed  in 
1991  for  all  species  with  common  shiners  (8.8%)  and  burbot 
(7.2%)  showing  the  highest  recapture  percentages.  Creek 
chub  and  white  sucker  recapture  percentages  were  typically 
lower  at  3.5%  and  2.8%  respectively. 

Movement  across  the  antenna  from  FEX  to  FEN  was 
monitored  for  17  net  days  in  June.  A  total  of  20  common 
shiners,  1  white  sucker,  and  l  brook  trout  moved  from  FEX  to 
FEN  during  this  time.  In  addition,  12  common  shiners,  1 
white  sucker,  3  brook  trout,  and  1  longnose  dace  moved  from 
FCD  to  FEN.  Antenna  crossing  was  also  observed  through  the 
recapture  of  fish  marked  at  FCD  and  FEX  at  TM  and  FCU.  A 
total  of  2  white  suckers,  one  from  FCD  and  one  from  FEX,  and 
1  common  shiner  from  FCD  were  recaptured  at  FCU.  At  TM,  1 
creek  chub,  1  white  sucker  and  1  burbot  clipped  at  FEX  were 
recaptured  along  with  5  common  shiners  and  1  white  sucker 
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Table  7.9a.  Recapture  data  summary  for  all  dominant  species  except  brook  trout  from  FEX 
and  FCD  for  1984  -  1987. 
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Table  7.9b.  Recapture  data  sumnary  for  all  dominant  species  except  brook  trout  from  PEX 
and  FCD  for  1988  and  1991. 
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from  FCD. 


E.  Individual  SBSSLiSS  Analyses 

Growth  and  condition  of  fish  can  be  important  indicators 
of  a  stressor  in  the  fish  community.  Four  species  were 
chosen  based  on  abundance  (common  shiners,  creek  chubs, 
white  suckers  and  brook  trout)  as  indicator  species  in  the 
community  to  examine  the  potential  effects  of  the  ELF 
project  on  growth  and  condition.  Brook  trout  data  are 
reported  on  in  element  8 . 

The  age  and  growth  of  common  shiners,  creek  chubs,  and 
white  suckers  has  not  been  completed  due  to  a  change  in 
analysis  methods.  Length  frequency  distribution  analysis 
has  been  determined  to  be  a  better  method  for  determining 
age  and  growth  of  these  species.  The  length  frequency 
distributions  for  these  species  are  given  in  Figure  7.4 (d- 
1). 

Fish  condition  factors  for  common  shiners,  creek  chubs 
and  white  suckers  were  calculated  using  relative  weight  (Wr) 
condition  analysis  as  described  in  Wege  and  Anderson  (1978) . 
Standard  weight  (Ws)  formulas  were  calculated  from  3 
literature  populations  for  common  shiners,  5  literature 
populations  for  creek  chubs  and  13  literature  populations 
for  white  suckers  using  the  50%  percentile  method  outlined 
in  Wege  and  Anderson  (1978) .  Individual  weights  were  then 
compared  to  the  standard  weights  and  given  a  Wr  value  based 
on  the  formula:  Wr*Fish  weight/Ws  *  100.  Mean  values  for  25 
mm  length  groups  for  common  shiners  and  creek  chxibs,  and  50 
mm  white  sucker  were  calculated  for  an  unweighted  analysis 
of  the  data.  Data  from  FEX  and  FCD  were  pooled  because  of 
the  high  amount  of  mobility  seen  in  the  Ford  River. 

The  Ws  formulas  for  common  shiners,  creek  chubs  and 
white  suckers  are  as  follows: 

Common  shiners  log  wt  »  -5.3907  +  3.1704*log  tl  (r=.999) 

Creek  chubs  log  wt  =  -4.8488  +  2.9295*log  tl  (r=.998) 

White  suckers  log  wt  »  -4.9820  +  3.0073*log  tl  (r=.98) 


where , 

wt  =  weight 

tl  =  total  length 

The  condition  factor  (Wr  value)  for  white  suckers  was 
below  the  species  means  from  populations  reported  in  the 
literature  possibly  reflecting  the  highly  variable  abiotic 
conditions  in  the  Ford  River  (Figure  7.6).  Common  shiner 
and  creek  chub  Wr  values  in  1991  were  slightly  below  the 
species  mean  from  populations  reported  in  the  literature. 
Creek  chxibs  declined  in  condition  from  above  the  species 
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mean  in  1984  and  1985  to  approximately  5  -  10%  below  the 
species  mean  in  1987  through  1991.  I^ite  sucker  condition 
was  10  -  15%  below  the  species  mean  in  all  years.  Common 
shiner  condition  decreased  from  6.5%  above  the  species  mean 
in  1990  to  0.1%  below  the  mean  in  1991.  This  is  the  first 
year  that  shiners  exhibited  a  condition  that  was  below  the 
literature  mean.  This  may  be  due  to  density  dependent 
factors  acting  on  this  species. 
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Trout  Population  Characteristics 
Movement 

Changes  from  worlcplan:  Data  analysis  design  structured  in 
this  manner;  pre-operational  years  (1983-1985) ,  transitional 
years  (1986-1989),  and  post-operational  years  (1990-1991). 
The  primary  analysis  presented  in  this  report  compare  pre- 
operational  years  with  transition’*!  and  post-operational 
years . 


Objectives 

The  overall  goal  of  this  element  is  to  examine  the 
effects  of  the  Navy's  ELF  project  on  brook  trout  ^Salvelinus 
fontinalis^  populations;  an  important  sportfish  to  local 
residents.  Earlier  we  showed  that  brook  trout  in  the  Ford 
River  were  highly  mobile  and  are  excluded  from  portions  of 
the  mainstreaun  when  water  temperatures  exceed  16  C.  Any 
impediments  to  this  migration  pattern  could  affect  growth 
and  survival  as  trout  are  less  efficient  bioenergetically  in 
water  above  16  C  (Graham,  1949) .  The  specific  objectives  of 
this  element  are  to  determine:  l)  The  seasonal  pattern  and 
magnitude  of  brook  trout  movement  under  the  ELF  antenna;  2) 
The  proximate  cause (s)  for  these  movements;  3)  The  rate  of 
brook  trout  movement  under  the  ELF  antenna;  4)  The 
relationship  between  length  frequency  distributions  from 
fyke  net  catches  and  DeLury  and  Peterson  population 
estimates;  and  5)  Population  characteristics  (age,  growth 
and  condition)  of  Ford  River  brook  trout.  By  accomplishing 
these  objectives,  we  will  be  able  to  evaluate  if  the  ELF 
system  has  an  impact  on  the  population  characteristics  and 
movement  of  Ford  River  brook  trout. 

Materials  Methods 

The  sites  and  gear  used  in  this  element  were  previously 
described  in  Element  7 .  All  brook  trout  were  removed  on  a 
daily  basis  from  the  fyke  nets  or  weir  traps  and 
anesthetized  with  MS-222  at  a  500  mg/1  dosage  as 
recommended  by  Meister  and  Ritzi  (1958),  and  Schoettger  and 
Julin  (1967)  to  reduce  handling  stress.  All  brook  trout 
were  then  enumerated,  measured  for  total  length  and  weighed. 
Scale  samples  were  taken  from  each  fish  for  age  and 
backcalculated  growth  determination  in  the  laboratory.  All 
fish  were  given  a  site  specific  fin  clip.  In  1983-1985, 
fish  longer  than  135  mm  were  tagged  using  streamer  or  disk 
tags  applied  posterior  to  the  dorsal  fin.  Due  to  a  high 
incidence  of  infection  in  these  years,  strap  tags  were 
applied  to  the  adipose  fin  and  the  operculum  in  1986  and 
1987  respectively.  Tagged  fish  recaptured  at  the  site  of 
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initial  tagging  and  angler  reports  during  these  two  years 
suggested  poor  tag  retention.  In  1988  brook  trout  were  fin 
clipped  with  a  site  specific  mark  only.  In  1989  through 
1991  fish  greater  than  140  mm  were  tagged  using  visible 
Implant  (V.I.)  Tags  manufactured  by  Northwest  Marine 
Technologies,  while  fish  less  than  140  mm  were  marked  with  a 
site  specific  fin  clip  only.  The  V.  I.  Tag  is  inserted  into 
clear,  cartilaginous  tissue  posterior  to  the  eye.  Prior 
research  has  shown  greater  than  90%  retention,  less  than  2% 
mortality,  and  no  infection  on  rainbow  trout  in  the 
laboratory  (Stan  Moberly,  personal  communication) .  After 
tagging,  all  fish  were  released  upstream  or  downstream  from 
the  site  in  their  original  direction  of  travel. 

The  effect  of  discharge  and  temperature  on  brook  trout 
movement  at  FEX  and  FCD  were  evaluated  using  ambient 
monitoring  data  collected  by  Dr.  Tom  Burton  and  staff  (see 
Element  1) .  Physical  data  (discharge  and  temperature)  at 
FCU  and  TM  were  collected  by  the  fisheries  staff  from  1984- 
1991.  Discharge  was  calculated  from  a  calibrated  staff 
gauge  at  both  FCU  and  TM  on  a  daily  basis.  Temperature  data 
was  collected  continuously  using  a  calibrated  max-min 
thermometer  at  TM  and  FCU.  In  addition,  Ryan  tempmentors 
and/or  thermographs  were  deployed  in  1988  through  1991  at 
these  two  sites  so  that  temperature  could  be  monitored  on  a 
continuous  basis. 

Population  estimates  and  size  distributions  were 
obtained  using  either  a  250  volt  electrofishing  boat  type 
unit  during  normal  to  high  flows  or  a  250  volt  Coffelt 
backpack  unit  during  low  flows.  Electrofishing  site 
locations  (200  m  in  length)  were  established  between  one  and 
two  miles  from  net  sites  or  ambient  monitoring  stations.  In 
1987  and  1988  a  DeLury  removal  estimate  (Ricker  1975)  was 
obtained  at  each  site  during  premovement  (May) ,  postmovement 
(late  July  -  early  August)  and  fall  (mid  September)  periods. 
Three  removal  runs  were  made  at  ,each  site  during  the 
sampling  day.  Fish  captured  were  measured  for  total  length 
and  held  in  a  holding  cage  placed  in  the  stream  until  all 
three  passes  were  completed.  Fish  were  then  released.  In 
1989  estimates  were  taken  monthly  from  May  20  to  October  23 
at  the  same  sites  using  the  Peterson  mark  and  recapture 
technique  (Ricker  1975) .  Sites  in  1989  were  extended  to  300 
meters.  Brook  trout  captured  on  the  marking  run  were 
measured  for  total  length,  weighed  and  marked  with  a  partial 
fin  clip.  Fish  greater  than  140  mm  were  marked  using  V.  I. 
Tags.  Recapture  ihins  were  made  on  the  next  day  during  all 
sampling  periods.  Unmarked  fish  captured  on  the  recapture 
run  were  given  a  site  specific  fin  clip  and  if  larger  than 
140  mm,  tagged  with  a  V.  I.  Tag.  In  1990,  Peterson 
estimates  were  taken  during  the  pre-  and  post-movement 
period  only  using  the  same  methodology  described  for  1989. 

Brook  trout  age  and  growth  determination  were  done  using 
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the  body-scale  relationship  technique  described  in  Smale  and 
Taylor  (1987) .  Backcalculations  were  made  using  the  linear 
technique  described  in  Bagnenal  and  Tesch  (1978) .  Scales 
were  projected  onto  a  Summagraphics  digitizing  pad  using  a 
Ken-A-Vision  Microprojector  scope.  The  focus,  subsequent 
annuli  and  the  outside  edge  of  each  scale  were  digitized  and 
recorded  on  a  IBM  pc  for  determination  of  backcalculated 
length  at  age. 

md  Discussion 

A.  Marking  statistics 

Numbers  of  fish  tagged  at  FEX  and  FCD  declined  from  a 
high  of  314  in  1984  to  126  in  1985  and  82  in  1986  reflecting 
a  decline  in  the  brook  trout  population.  Numbers  of  fish 
tagged  increased  to  170  fish  in  1987  and  dropped  slightly  to 
142  fish  in  1988  and  134  in  1989.  Only  74  fish  were  tagged 
in  1990  which  is  below  the  average  (mean  »  161)  for  all 
years  combined.  The  number  of  fish  marked  at  FEX  and  FCD  in 
1991  jumped  back  to  244  reflecting  favorable  environmental 
conditions  over  the  last  2  years.  The  between  site 
recapture  rate  was  18.2%  and  12.7%  in  1984  and  1985 
respectively,  0%  in  1986  and  less  than  1%  in  1987  and  1988. 
The  recapture  percentage  increased  to  6.7%  in  1989  and  to 
9.7%  in  1990  at  FEX  and  FCD.  Recapture  percentages  in  1991 
were  t  \e  highest  ever  at  34.2%  (Table  8.1).  Observed 
handling  and  tagging  mortality  averaged  6.2%  from  1984  to 
1987.  No  tagging  mortality  was  observed  in  1988  and  only 
2.2%  was  seen  in  1989.  Tagging  mortality  in  1990  and  1991 
was  1.2%  and  4.1%  respectively  (Table  8.1).  The  percentage 
of  angler  returns  declined  throughout  the  study  from  12.1% 
in  1984  to  3%  in  1985  and  0%  in  1986-1989.  Anglers  returned 
only  1.2%  of  tagged  fish  in  1990  and  2.1%  in  1991  (Table 
8.1).  This  may  reflect  a  decrease  in  the  total  number  of 
fish  harvested  in  the  Ford  during  this  time  period,  however, 
we  have  no  quantitative  data  on  angling  pressure. 

B.  pgpQk  TX9n%  Catch  Patterns 

Brook  trout  catches  peaked  in  late  May  to  early  July 
depending  on  weather  patterns  during  the  year.  Summer 
catches  then  dropped  to  <  1  fish/day  and  this  condition 
persisted  through  late  August  to  early  September.  At  this 
time,  daily  catch  again  increased  due  to  spawning  activity. 
Since  movement  patterns  were  similar  at  all  sites,  data  will 
be  presented  from  FCD  to  depict  between  year  differences 
(Figures  8.1  a-d) .  In  1984  the  mean  daily  catch  began  to 
peak  during  the  first  week  of  June  and  was  at  its  maximum 
during  that  week  (15.8  fish/day).  These  hioh  catch  patterns 
continued  for  three  weeks  and  then  dropped  uo  less  than.  1 
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Table  8.1.  Brook  trout  marking  and  recapture  summary  for 
FEX  and  FCD  for  1984  -  1991. 


FEX 

FCD 

1984 

Number  Tagged 

71 

243 

Number  Fin  Clipped 

48 

37 

Percent  Tag  Recapture 

18.2% 

Estimated  Tagging  Mortality 

5.7% 

Percent  Angler  Recapture 

12.1% 

1985 

Number  Tagged 

45 

81 

Number  Fin  Clipped 

38 

53 

Percent  Tag  Recapture 

12.7% 

Estimated  Tagging  Mortality 

8.7% 

Percent  Angler  Recapture 

3.0% 

1986 

Number  Tagged 

15 

40 

Number  Branded 

19 

8 

Number  Clippe'-’ 

58 

32 

Percent  Tag  Recapture 

0.0% 

Estimated  Tagging  Mortality 

3.4% 

Percent  Angler  Recapture 

3.0% 

1987 

Number  Tagged 

97 

73 

Ntimber  Clipped 

127 

41 

Percent  Tag  Recapture 

0.1% 

Estimated  Handling  Mortality 

7.1% 

Percent  Angler  Recapture 

0.6% 

1988 

Number  tagged 

0 

0 

Number  Clipped 

57 

85 

Percent  Tag  Recapture 

0.0% 

Estimated  Handling  Mortality 

0.0% 

Percent  Angler  Recapture 

0.0% 

1989 

Number  Tagged 

49 

86 

Number  Clipped 

12 

11 

Percent  Tag  Recapture 

6.7% 

Estimated  Handling  Moxtality 

2.2% 

Percent  Angler  Mortality 

0.0% 

1990 

Number  Tagged 

46 

28 

Number  Clipped 

12 

5 

Percent  Tag  Recapture 

9.7% 

Estimated  Handling  Mortality 

1.2% 

Percent  Angler  Recapture 

1.2% 
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Table  8.1. (continued) 

1991  Number  Tagged  78  109 

Number  Clipped  36  21 

Percent  Tag  Recapttire  ‘^4.2% 

Estimated  Handling  Mortality  4.1% 

Percent  Angler  Recaptiire  2.1% 
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Ftgur*  8.1a.  Maan  daily  catch  of  brook  trout  plotted  on  a  waakly  basis  at 
FCO  from  1984  and  1985. 
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DATE 


DATE 

FIgura  8.1b.  Maan  daily  catch  of  brook  trout  plotted  on  a  waakly 
baaia  at  FCO  from  1986  and  1987. 
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MEAN  CATCH/DAY  MEAN  CATCH/DAY 
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Rgur*  8.1e.  M«an  daily  catch  of  brook  trout  plotted  on  a  weakly 
baela  at  FCO  from  1988  and  1989. 
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MEAN  CATCH/DAY  MEAN  CATCH/DAY 


DATE 
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DATE 


Rgura  8.1  d.  M«an  daily  catch  of  brook  trout  plotted  on  a  waakiy 
baala  at  FCO  from  1990  and  1991. 
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fish/day  during  July  through  September.  A  similar  pattern 
was  seen  in  1985  although  the  peak  run  was  delayed  one  month 
beginning  the  first  week  of  July  when  11.7  brook  trout  per 
day  were  collected.  This  continued  for  a  one  week  period 
after  which  catch  rates  decreased  rapidly  to  <  1  fish  per 
day.  Catch  rates  in  1986  began  increasing  during  the  second 
week  of  May  and  peaked  earlier  than  in  previous  years, 
during  the  last  week  of  Hay  and  the  first  week  of  June  (6.4 
fish/day) .  Results  in  1987  were  similar  in  distribution  to 
1984  catch  rates  although  the  peak  occurred  during  the  third 
week  of  June  at  17.8  fish/day  and  lasted  for  only  one  week. 
In  1988  catch  rates  started  to  increase  the  last  two  weeks 
of  May  and  peaked  at  10.5  fish/day  during  the  first  week  of 
June,  similar  to  1984.  The  1989  catch  peaked  during  the 
last  week  of  June  (5.1  fish/day)  and  lasted  for  a  one  week 
period.  The  1990  catch  began  to  increase  during  the  last 
week  of  June  and  then  peaked  in  early  July.  The  brook  trout 
catch  in  1991  increased  from  late  May  until  mid  June  and 
rates  stayed  high  until  mid  July. 

Movement  in  the  upstream  direction  dominated  in  all 
years  at  all  sites  making  up  over  90%  of  the  brook  trout 
catch,  however,  the  intensity  and  timing  varied  from  year  to 
year.  If  the  ELF  operation  interferes  with  the  migratory 
pattern  of  brook  trout,  we  should  be  able  to  observe 
disoriented  behavior  through  decreased  upstream  movement  or 
random  movement  patterns  at  the  FEX  site. 

Brook  trout  movements  were  directed  from  FEX  and  FCD 
upstre2un  toward  a  coldwater  tributary.  Two  Mile  Creek. 
Eighteen  brook  trout  marked  at  FEX  were  recaptured  at  TM 
during  the  pre-operational  period  from  1984-1985  (Table 
8.2).  During  the  transitional  period  (1986-1989),  three 
trout  were  observed  to  have  made  this  movement  while  23 
trout  made  this  movement  during  post-operational  years 
(1990-1991) .  Pre-operational  movement  from  FCD  to  FEX  was 
observed  for  ten  brook  trout.  Three  fish  made  this  movement 
in  the  transitional  period  and  eight  during  post-operational 
years.  Movcmcrit-  from  FCD  to  TM  was  observed  for  forty-five 
brook  trout  from  1984-1985.  One  fish  moved  this  distance 
during  the  transitional  period.  Thirty-three  fish  were 
observed  making  this  movement  during  the  post-operational 
years  (1990  and  1991) ,  however,  all  this  movement  occurred 
in  1991.  Movement  from  site  to  site  was  observed  to  be 
significantly  greater  for  fish  above  190  mm  than  those  below 

190  mm.  Only  six  clipped  fish  under  190  mm  were  captured  at 

TM  in  1984  and  no  clipped  fish  under  190  mm  were  collected 

at  TM  from  1935  through  1990.  In  addition,  only  three  fish 

were  observed  moving  from  Two  Mile  Creek  to  FCD  or  FEX  from 
1984  through  1991  during  the  summer  sampling  period. 

Evidence  of  fall  or  ? 'rl''  spring  downstream  movement  was 
supported  by  the  movement  of  three  marked  fish  from  the  TM 
site  in  1984  to  FCD  in  1985.  One  fish  marked  in  1990  from 
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FEX 


FCU  was  recaptured  at  FCO  in  1991  and  one  trout  tagged  at  TM 
in  1990  was  recaptured  at  FEX  in  1991  further  supporting 
limited  fall  to  early  spring  movement. 

During  the  pre-operational  period  (1984-1985)  the 
movements  of  50  brook  trout  were  known.  Six  of  these  fish 
moved  upstream  but  did  not  cross  under  the  antenna,  43  moved 
upstream  past  the  antenna,  1  moved  downstream  but  did  not 
cross  under  the  antenna,  and  no  marked  brook  trout  were 
observed  moving  downstream  past  the  antenna.  During  the 
tramsitional  period  (1986-1989),  the  movement  of  10  brook 
trout  were  known.  Four  of  these  fish  moved  upstream  but  did 
not  cross  under  the  antenna,  3  moved  upstream  past  the 
antenna,  2  moved  downstream  but  did  not  cross  under  the 
antenna,  and  1  brook  trout  moved  downstream  past  the 
antenna.  A  analysis  of  these  data  indicates  that  a 
significantly  higher  percentage  of  brook  trout  moved 
upstreeuB  past  the  antenna  during  the  pre-operational  period 
than  did  so  during  the  transitional  period  (X^17.73,  df*3, 
p<0. 05) . 

To  more  closely  examine  the  movement  of  brook  trout 
under  the  ELF  antenna,  in  1990  an  additional  net  site  (FEN) 
was  est2U3lished  upstream  from  the  antenna  approximately  400 
meters  from  FEX.  Of  42  fish  captured  and  marked  at  FEX  in 
1990,  none  were  recaptured  at  FEN.  Additionally,  a  radio- 
marked  brook  trout  released  on  the  upstream  side  of  FEX 
failed  to  move  upstream  past  the  antenna  in  the  10  day 
period  during  which  it  was  monitored.  In  1991,  only  1  of 
109  brook  trout  tagged  at  FEX  was  recaptured  at  FEN. 

However,  3  fish  marked  at  FCD  were  recaptured  at  FEN  and  2 
radio  tagged  brook  trout  from  FEX  were  followed  past  the 
antenna  directly,  indicating  that  the  antenna 
electromagnetic  field  did  not  impede  passage.  The  most 
significant  evidence  of  passage,  however,  was  shown  by  33 
fish  marked  at  FCD  and  23  fish  marked  at  FEX  being 
recaptured  at  the  TM  site  in  1991.  No  brook  trout  moved 
downstream  past  the  antenna  in  either  1990  or  1991. 

A  range  of  individual  movement  times  (number  of  days  it 
took  an  individual  fish  to  move  from  the  point  of  marking  to 
another  site)  for  pre-operational  years,  transitional  years, 
and  post-operational  years  was  set  up  in  Figure  8.2a  and 
Figure  8.2b.  In  addition,  a  cximulative  frequency 
distribution  of  days  it  took  individual  fish  to  move  during 
the  pre-operational,  transitional,  and  post-operational 
periods  is  given  in  Figure  8.3.  No  difference  in  the 
movement  pattern  (days  to  move)  was  detectable  when  pre- 
operational,  transitional,  and  post-operational  periods  were 
compared  (Log-rank  test;  X^3.15;  df*2;  p>0.05).  At  this 
time,  no  definitive  conclusions  can  be  drawn  as  to  ELF 
effects  on  movement;  however,  it  appears  that  ELF  does  not 
have  an  effect  on  movement  because  there  are  similar 
distributions  of  days  since  tagged  values  in  pre-operational 
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DAYS  SINCE  TAGGED 

Hgure  8.3.  Movement  distribution,  in  days  since  tagging,  for  individual 

brook  trout  during  the  pre-operationai  and  transitionai  study  periods. 


years,  transitional  years,  and  post>operational  years. 

One  possible  complicating  factor  in  the  movement  rate 
analysis  observed  during  the  1990  season  was  the  presence  of 
beaver  dams  as  barriers  to  movement  during  summer  low  water 
periods.  Three  of  five  brook  trout  tagged  with 
radiotelemetry  transmitters  were  observed  to  be  stopped  by 
beaver  dams  during  low  flow  periods  in  mid  July.  Two  of  the 
fish  spent  more  than  7  days  directly  below  the  structures. 
The  trout  then  retreated  to  deep  holes  from  1  to  2  km  below 
the  dams  where  contact  was  lost  as  transmitter  batteries 
failed  after  approximately  30  days.  Contact  with  the  other 
fish  was  lost  the  day  after  it  was  observed  below  a  small 
dam  upstream  of  FCD.  It  is  doubtful  that  this  dam  was  a 
hindrance  to  movement,  however,  and  initial  conclusions  are 
that  this  fish  was  lost  to  predation  or  to  transmitter 
failure.  These  results  may  also  explain  low  recapture  rates 
observed  during  the  transitional  and  post-operational  years. 
A  major  deun  made  in  1986  upstreeus  of  FEX  was  destroyed 
during  the  spring  of  1991  by  high  flows.  This  may  partially 
explain  the  high  recapture  percentages  observed  at  the  TM 
weir  site  in  1991  and  the  low  recapture  percentages  from 
1986  through  1990. 

From  a  bioenergetic  standpoint,  brook  trout  in  the  Ford 
River  appear  to  utilize  Two  Mile  Creek  for  thermal  refuge 
since  temperatures  there,  as  opposed  to  the  upper  Ford 
River,  stay  closer  to  optimum  growth  temperature. 

Groundwater  inputs  may  have  kept  TM  at  or  near  16  C  during 
all  years  except  1987  when  reduced  groundwater  inputs  from 
abnormally  low  precipitation  during  winter  and  spring  may 
have  resulted  in  higher  temperatures.  Temperatures  in  all 
years  were  lower  at  TM  than  at  FCU. 


C.  Proximate  q£  Trwt 

Mean  daily  water  temperature  patterns  were  similar  at 
FEX  and  FCD.  Temperature  patterns  between  years,  however 
were  highly  variable,  especially  during  late  spring  and 
early  summer  (Figure  8.4).  In  all  years  peak  movement  times 
coincided  with  mean  daily  temperatures  exceeding  the  optimum 
for  brook  trout  growth  (16  C) .  In  1984  temperatures 
exceeded  the  optimum  during  the  first  week  of  June  and  the 
svibsequent  peak  in  mean  daily  catch  occurred  during  that 
week.  For  1985,  1989,  and  1990  mean  daily  temperatures 
peaked  past,  the  optimum  during  the  last  week  of  June  and 
peak  movement  times  for  these  three  years  were  the  first 
week  of  July  for  1985,  the  last  week  of  June  for  1989,  and 
the  first  and  second  week  in  July  for  1990.  Mean  daily 
temperatures  in  1986,  1988,  and  1991  peaked  during  the  last 
week  of  May  and  movements  in  1986  and  1988  peaked  during  the 
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first  week  of  June  and  in  1991  during  the  second  and  third 
week  of  June.  n  1987,  water  temperature  and  movement 
peaked  during  the  third  week  of  June. 

Two  additional  factors  which  influenced  brook  trout 
movement  patterns  were  discharge  and  population  size. 
Analysis  of  discharge  during  the  spring  -  early  summer 
movement  period  at  FCO  showed  there  was  high  variability 
2unong  years  (Figure  8.5).  Discharge  patterns  in  1984  and 
1991  showed  periodic  peaks  throughout  the  year  indicating 
that  evenly  spaced  precipitation  events  occurred.  Patterns 
for  1985,  1987,  1989,  and  1990  displayed  high  spring  -  early 
svatmer  discharge  and  low  val  les  during  stammer.  1986  and 
1988  patterns  showed  low  spring  and  summer  values  and 
increased  flow  in  fall.  Upstream  directed  movements 
occurred  during  all  years  despite  different  flow  patterns. 
However,  daily  movements  were  strongly  associated  with  peaks 
in  daily  discharge. 

Fewer  fish  moved  in  1986,  1988,  1989,  and  1990  probably 
due  to  low  trout  populations  during  these  years.  When 
populations  are  low,  individuals  may  be  able  to  find 
adequate  coldwater  microhabitats  without  intra  or 
interspecific  competition  from  other  fishes.  In  soimmary,  it 
appears  that  when  the  brook  trout  population  is  abundant, 
water  temperatures  are  suboptimal  (>16C)  and  flows  are  high, 
svibstantial  upstream  movement,  characterized  by  high  daily 
catches  in  spring  and/ or  early  summer,  occurs. 


0.  Trout  Movement  Rates 

The  rates  and  direction  of  brook  trout  movement  have  the 
potential  to  be  a  very  sensitive  indicator  of  ELF  effects. 

If  trout  have  difficulty  orienting  through  the  ELF  corridor, 
we  would  expect  to  observe  disoriented  behavior  and 
decreased  movement  rates,  particularly  at  FEX.  Average 
movement  rates  for  pre-operational ,  transitional,  and  post- 
operational  periods  are  given  in  Table  8.3.  A  one-way  ANOVA 
detected  no  significant  differences  in  movement  rates  among 
the  three  different  periods.  A  summary  of  brook  trout  site 
to  site  movement  for  all  years  is  given  in  Table  8.2. 

Angler  tag  return  data  supported  the  above  trends  and 
indicated  that  brook  trout  move  at  a  mean  rate  of  2.3  km/ day 
in  an  upstream  direction,  similar  to  rates  recorded  from  our 
sampling  gear. 

E.  Calibration  ^  Brook  Trout  Population 

Estimates. 

It  was  determined  through  analysis  of  length  frequency 
distributions  from  fyke  net  catches  that  all  brook  trout  120 
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Figura  8^  Mean  dally  diaeharga  ealeulatad  on  a  waakly  baala  at  FCD 
from  1984-1987  and  1988-1991. 


30: 


Table  8.3.  One  way  AMOVA  between  pre-operational  (1983- 
1985),  tr2Uisltional  (1986-1989),  and  post- 
operational  (1990-1991)  broolc  trout  movement 
rates . 


1984-1985 

1986-1989 

1990-1991 

N 

50 

10 

56 

MEAN 

3.14 

2.55 

2.70 

VARIANCE 

2.21 

3.28 

2.70 

NO  SIGNIFICANT 

DIFFERENCE 

(Fj, 13-1. 23,  p>0.05) 
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sun  and  greater  are  vulnerable  to  the  gear .  Length  frequency 
distributions  from  two  brook  trout  population  estimates 
taken  by  the  Michigan  Department  of  Natural  Resources  at  a 
site  approximately  0.62  miles  upstre£un  of  PCD  in  1985  were 
compared  to  length  frequency  distributions  from  fyke  net 
catches  in  that  year.  In  addition,  brook  trout  population 
estimates  were  obtained  1  mile  downstreeun  from  PCD  in  1986, 
1987,  1988,  1989,  and  1990  by  ELP  personnel.  Length 
frequencies  obtained  from  these  estimates  (Pigures  8.6a  and 
b)  were  compared  to  length  frequency  distributions  of  the 
fyke  net  catches  during  each  year  to  determine  the  percent 
of  the  population  vulneredsle  to  our  gear  (Table  8.4). 

Brook  trout  population  estimates  in  1986,  1987,  1988,  1989 
and  1990  downstream  of  the  PCD  site  revealed  low  densities 
of  fish,  especially  those  under  120  mm.  MDNR  estimates  on 
June  27,  1985  and  September  19,  1985  revealed  higher  numbers 
of  young-of-the-year  fish  than  those  obtained  by  ELP 
personnel.  Only  one  brook  trout  was  captured  on  five 
successive  sampling  periods  during  1989  and  2  sampling 
periods  in  1990  so  these  data  are  not  presented  in  this 
report . 

Population  estimates  were  obtained  1.6  miles  downstream 
of  the  PEX  site  in  1987,  1988,  1989,  and  1990.  Analysis  of 
the  length  frequency  distributions  of  net  catches  at  PEX  and 
electrofishing  catches  (Pigure  8.7)  near  PEX  in  1987  through 
1988  indicate  that  a  higher  number  of  fish  smaller  than  120 
mm  were  present  than  at  PCD.  The  proportion  of  fish  from 
these  estimates  vulnerable  to  the  fyke  nets  are  reported  in 
Table  8.4.  Only  three  brook  trout  were  captured  on  six 
successive  electrofishing  sampling  periods  at  the  site 
downstream  from  PEX  in  1989.  All  three  fish  were  captured 
on  August  21,  1989  and  were  larger  adult  fish.  Only  4  brook 
trout  were  captured  during  2  sampling  periods  in  1990,  2 
were  yearling  fish  and  the  other  2  were  adult  fish.  In 
1991,  a  Peterson  population  estimate  was  attempted  at  TM 
where  a  logging  operation  had  cleared  the  forest  to  the 
bank.  A  total  of  7  trout  were  captured  on  the  marking  run 
which  included  3  adults  and  4  young  of  the  year.  No 
recapture  run  was  attempted.  These  data  are  not  included  in 
this  report. 


P.  Brook  Trout  Aoe  and  Growth 

Age  and  growth  analysis  of  Pord  River  brook  trout  have 
the  potential  to  be  very  sensitive  indicators  of  ELP 
effects.  Brook  trout  in  the  Pord  River  show  excellent 
growth  when  compared  to  populations  in  Carlander  (1969) . 

The  length  frecjuency  distribution  of  catches  at  PCD  and  PEX 
for  each  year  are  given  in  Pigure  8.8(a-c).  Growth  analysis 
was  conducted  using  the  length  versus  total  scale  radius 
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NUMBER/HECTARE  NUMBER/HECTARE  NUMBER/HECTARE 


LENGTH  CLASS 

Rgur*  8.6a.  Langth  fraquancy  of  brook  trout  takan  by  Ml  DNR  and  ELF 
parsonnal  at  FCO.  Oataa  ara  Inciudad  on  graphs. 
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Table  8.4.  Percent  of  the  brooh  trout  population  vulnerable 
to  the  gear  at  PCD  and  FEX  for  years  when 
population  estimates  were  obtained.  Assumes  all 
fish  >  120  mm  are  vulnereUsle  to  the  gear. 


DATE 

SITE 

NEAR 

PERCENT  OF  POP 
LESS  THAN  120  mm 

EXPECTED 
PROPORTION  OF 
POP.  VULNERABLE 
TO  THE  GEAR 

J\U1 

27, 

1985 

PCD 

66.7 

% 

33.3 

% 

Sep 

19, 

1985 

PCD 

25.0 

% 

75.0 

% 

Aug 

07, 

1986 

PCD 

o 

• 

o 

% 

100.0 

% 

Jul 

29, 

1987 

PCD 

0.0 

% 

100.0 

% 

Aug 

27, 

1987 

PCD 

0.0 

% 

100.0 

% 

May 

24, 

1988 

PCD 

29.0 

% 

71.0 

% 

Jul 

7, 

1988 

PCD 

0.0 

% 

100.0 

% 

Aug 

26, 

1988 

PCD 

0.0 

% 

100.0 

% 

Jun 

21, 

1989 

PCD 

0.0 

% 

100.0 

% 

Jul 

19, 

1989 

PCD 

0.0 

% 

100.0 

% 

Aug 

23, 

1989 

PCD 

0.0 

% 

100.0 

% 

Sep 

21, 

1989 

PCD 

0.0 

% 

100.0 

% 

Oct 

22, 

1989 

PCD 

0.0 

% 

100.0 

% 

Jun 

28, 

1990 

PCD 

0.0 

% 

100.0 

% 

Sep 

5, 

1990 

PCD 

0.0 

% 

100.0 

% 

Jul 

1, 

1987 

PEX 

12.5 

% 

87.5 

% 

Aug 

26, 

1987 

PEX 

16.6 

% 

83.4 

% 

Jul 

31, 

1988 

PEX 

45.5 

% 

54.5 

% 

Aug 

4, 

1988 

PEX 

90.0 

% 

10.0 

% 

May 

23, 

1989 

FEX 

0.0 

% 

100.0 

% 

Jun 

21, 

1989 

FEX 

0.0 

% 

100.0 

% 

Jul 

19, 

1989 

PEX 

0.0 

% 

100.0 

% 

Aug 

21, 

1989 

FEX 

0.0 

% 

100.0 

% 

Sep 

23, 

1989 

FEX 

0.0 

% 

100.0 

% 

Oct 

20, 

1989 

FEX 

0.0 

% 

100.0 

% 

Jun 

28, 

1990 

FEX 

0.0 

% 

100.0 

% 

Sep 

5, 

1990 

FEX 

50.0 

% 

50.0 

% 
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PIgur*  8.7.  Length  frequency  of  brook  trout  takon  by  ELF  porsonnel  at 
FEX. 
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FREQUENCY 


LENGTH  (MM) 

Rgur«  8.8a.  Langth  fraquancy  diatribution  of  tha  annual  catch  of  brook  trout 


at  FCO  and  FEX  from  1983  to  1986. 
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FREQUENCY 


315 


FREQUENCY 


LENGTH  (MM) 


Rgur«  8.8c.  Length  frequency  dietiibutlon  of  the  ennuel  catch  of  brook  trout 


at  FCO  and  FEX  from  1989  to  1991. 


regression  equation.  Covariance  analysis  was  used  to  test 
for  differences  in  the  slopes  of  regression  equations  for 
length  versus  total  scale  radius  data  between  FEX  and  FCD  in 
each  year  (Table  8.5).  The  only  years  with  significant 
differences  between  sites  were  1984,  1986  and  1988. 
Covariance  analysis  was  conducted  to  test  for  differences  in 
the  slopes  of  the  regression  lines  eunong  pre-operational, 
transitional,  and  post-operational  years  (Table  8.6  and 
Figure  8.9) .  A  significant  difference  was  detected  among 
the  three  periods  (F,  7^5=2 .81,  p<0.05).  The  slopes  of  the 
regression  lines  for  'FCD  were  similar  during  the  pre- 
operational  and  transitional  periods.  Also,  the  slopes  of 
the  regression  lines  for  FEX  were  similar  during  the  pre- 
operational  and  transitional  periods.  However,  during  the 
post-operational  period  the  slopes  of  the  regression  lines 
at  both  FCD  and  FEX  differed  significantly  from  what  they 
were  in  the  previous  two  periods.  Plots  of  all  regression 
lines  used  in  this  analysis  are  shown  on  Figure  8.10(a-e). 

Lee's  phenomena  (Ricker,  1975)  was  not  seen  in  any  year 
for  Ford  River  brook  trout.  Brook  trout  age  structure  and 
growth  analysis  will  be  a  key  to  defining  any  significant 
ELF  effects.  Decreased  growth  in  brook  trout,  especially  at 
FEX,  is  expected  if  the  ELF  system  excludes  fish  from 
reaching  cold  water  refuge  areas. 


G.  Brook  Trout  Condition 

Exeunination  of  brook  trout  condition  was  done  using  the 
relative  weight  methodology  as  described  in  element  7 .  The 
standard  weight  formula: 

log^Q  wt  *-5.085  +  3,043*log,Q  tl  (r».999)  , 

was  determined  using  the  50th  percentile  equation  from  45 
brook  trout  populations  reported  in  the  literature. 

Brook  trout  relative  weight  ranged  from  average  to 
slightly  below  average  from  1983  to  1991  when  compared  to 
values  obtained  from  the  above  equation  (Figure  8.11). 
Relative  weight  values  steadily  declined  from  101.6  in  1983 
to  89.0  in  1986.  Condition  improved  in  1987  to  92.6  and 
maintained  that  level  in  1988.  Relative  weight  values  for 
1989  (95.6)  and  1990  (98.3)  were  at  levels  near  the 
literature  mean.  In  1991,  relative  weight  values  decreased 
to  levels  similar  to  1987  and  1988  (94.0). 

Length/weight  regression  analysis  was  also  used  to 
compare  brook  trout  condition  between  FEX  and  FCD  over  all 
years  (Table  8.7).  No  significant  differences  in  the  slopes 
of  the  regression  lines  were  observed  between  sites  over  all 
years  except  in  1985  (ANCOVA,  p>0.05)  (Figure  8.12a-d). 
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Table  8 

.5.  Regression  equations 
comparison  of  length 
for  1983  through  1991 

used  in  between  site  ■ 

versus  total  radius  data  * 

• 

1 

YEAR 

REG  EQUATIONS 

SLOPE (df)  ■ 

SITE 

(F) 

■ 

1983 

1 

PCD 

y-60.177  +  324.962X 

NS(1,142) 

FEX 

y-57.025  +  352.025X 

(0.51)  - 

1984 

1 

PCD 

y-62.255  +  343.975X 

*(  1,49)  ■ 

FEX 

y— 10.11  +  518.964X 

(4.39) 

1985 

1 

FCD 

y-45.662  +  416.331X 

NS(  1,28)  ■ 

FEX 

y»  9.556  +  489.439X 

(0.71) 

1986 

■ 

FCD 

y»ia.448  +  443.314X 

*(1,101)  ■ 

FEX 

y-47.408  +  356.639X 

(4.36) 

1987 

FCD 

y-89.657  +  284.874X 

NS(1,230)  ■ 

FEX 

y«58.296  +  351.143X 

(3.11)  ■ 

1988 

FCD 

y-91.162  +  197.896X 

*(  1,17)  1 

FEX 

y-  3.186  +  435.569X 

(10.09)  m 

1989 

FCD 

y-111.88  +  297, 17x 

NS(  1,55)  m 

FEX 

y«103.52  +  347. 91x 

(0.60)  ■ 

1990 

FCD 

y»18.47  +  526. lOX 

NS(  1,42)  ^ 

FEX 

y»22.51  +  500, 29x 

(0.06)  ■ 

1991 

V 

FCD 

y=62.00  +  405. 69x 

NS(  1,77) 

FEX 

y-45.62  +  410. 89x 

(0.005)  ■ 

*  SIGNIFICANT  p<0.05 

1 

1 
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1 

1 

1 

Table  8.6.  Regression  equations  usckI  in  covariance  analysis 
of  between  period  (pre-,  trans-,  and  post- 
operational)  comparisons  of  length  versus  total 
scale  radius  at  FCO  amd  FEX. 


EQUATIONS 

n 

SLOPE 

PRE-OPERATIONAL 

(1983-1985) 

FCD 

y-52.01 

+ 

361. 59X 

119 

a 

FEX 

y-43.95 

+ 

390. 16x 

102 

b 

TRANSITIONAL 

(1986-1989) 

FCD 

y-63 .46 

+ 

355. 77x 

179 

a 

FEX 

y-44.68 

+ 

386. 70X 

240 

b 

POST-OPERATIONAL 

(1990-1991) 

FCD 

y-48.78 

439. 61X 

79 

c 

FEX 

y»26.93 

475. 65x 

48 

d 

NOTE  -  Overall  test  for  equal  slopes  using  covariance 
analysis  was  significant  (p<0.05}  with  F^7^j)«2.81.  Same 
letters  indicate  that  periods  have  a  similar  slope  using 
Txikey  -  Kramer  Multiple  Comparison  Test,  alpha«0.05  (Miller 
1986)  . 
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LENGTH  (MM) 


Rgur«  8.9.  Plots  of  ths  rsgrsssion  linos  ussd  in  tho  covsrlsncs  analysis 
of  longth  vs.  total  seals  radius. 
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LENGTH  (MM)  LENGTH  (MM) 


SCALE  RADIUS  (MM) 

Figure  8.10a.  Plots  of  tho  rogrsssion  linos  used  In  analysis  of 

total  fish  length  versus  total  scale  radius  between  sites 
in  1983  and  1984. 
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LENGTH  (MM)  LENGTH  (MM) 


SCALE  RADIUS  (MM) 

Flgur*  8.10b.  Plots  of  tho  rogrosslon  linos  ussd  in  analysis  of 
total  fish  Isngth  vsrsus  total  seals  radius 
bstwssn  sitss  in  1985  and  1988. 
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LENGTH  (MM)  LENGTH  (MM) 


1987 


100  "f  11  ,  II  11  I—  f  —■■■I—  ;ii  —  ,  ■  I 


02  0^  0^  0^  0.6 

SCALE  RADIUS  (MM) 


SCALE  RADIUS  (MM) 

Rgur*  8.10c.  Plots  of  the  regression  lines  used  In  analysis  of 
total  fish  length  versus  total  scale  radius 
between  sites  in  1M7  and  1988. 
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LENGTH  (MM)  LENGTH  (MM) 


Figure  8.10d.  Plots  of  the  rogresaion  lines  used  In  the  analysis  of 
total  length  versus  total  scale  radius 
between  sites  in  19^  and  1990. 


324 


LENGTH  (MM) 


Rgure  8.l0e.  Plots  of  the  regrasskm  lines  used  in  snslysis  of 
toM  fish  length  versus  total  scale  radius 
between  sites  in  1991. 
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Rgure  8.1 1.  Brook  trout  unweighted  relative  weight  values 
Numbers  adjacent  to  means  refer  to  sample  si: 


Table  8.7.  Regression  equations  used  in  brook  trout  condition 
analysis  between  FEX  and  FCD  in  each  year. 

EQUATION  LOG  (weight)  -  a  -t-  bLOG(  length) 

y  ■  log (weight) 

X  «  log (length) 


YEAR  FEX  FCD  Slope (df)  Intrcpt(df) 

(n)  (n)  (F)  (F) 


1984 

y— 5.358+3.143X 

y—5. 272+3. 115x 

NS(1,360) 

NS(1,361) 

(115) 

(251) 

(0.103) 

(2.709) 

1985 

y— 5.767+3.328X 

y—5. 528+3. 220x 

*(1,233) 

NT 

(103) 

(134) 

(4.930) 

NT 

1986 

y«-5.181+3.056x 

y— 5.391+3.160X 

NS(1,133) 

NS(1,134) 

(68) 

(69) 

(0.081) 

(3.710) 

1987 

y»-5.314+3.134x 

y—5. 434+3. 185x 

NS(1,387) 

NS (1,388) 

(252) 

(139) 

(1.030) 

(0.170) 

1988 

y—5. 192+3. 073X 

y—5. 200+3. 077x 

NS(1,104) 

*(1,105) 

(39) 

(69) 

(0.002) 

(0.001) 

1989 

y—5. 464+3. 216X 

y—5. 510+3. 225x 

NS(1,147) 

*(1,148) 

(56) 

(95) 

(0.020) 

(9.560) 

1990 

y—5. 3 10+3. 13  6x 

y—5. 479+3. 207x 

NS  (1,92) 

NS  (1,93) 

(61) 

(33) 

(0.269) 

(0.022) 

1991 

y—5 . 370+3 . 160x 

y— 5.330+3.150X 

NS  (1,219) 

*(1,220) 

(103) 

(120) 

(0.005) 

(4.85) 

*  SIGNIFICANT  alpha  -  0.05 

NOTE  ~  All  F  tests  from  emalysis  of  covariance.  If  the  slopes 
are  the  same  then  a  test  for  a  common  intercept  was  performed. 

If  the  slopes  are  different  a  test  for  a  common  intercept  cannot 
be  done. 
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LOG  WEIGHT  (G)  LOG  WEIGHT  (G) 


LOG  LENGTH  (MM) 

FIflur*  8.1 2a.  Plot  of  tho  rogroaaion  linos  (log  wt  vs.  log  in.)  ussd  In 
brook  trout  condition  analysis  bstwssn  PCD  and  PEX 
in  1984  and  1985. 
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LOG  WEIGHT  (G)  LOG  WEIGHT  (G) 


LOG  LENGTH  (MM) 


Pl5|ur«  8.12b.  Plot  of  tho  rogrotsion  Nnos  (log  woight  v«.  log 

longth)  uood  In  b?ook  trout  condition  anaiycis  batwaon 
PCD  and  PEX  in  1986  and  1987. 


329 


LOG  WEIGHT  (G) 


I  >  "r  I  I  »  ■ ' '  ' 

t  a.2  2.4  2.4  2.4  3 


LOG  LENGTH  (MM) 


t  ’  t.2  '  2.4  2.4  2.4  3 

LOG  LENGTH  (MM) 

1 

1 

FIgur*  8.1 2c.  Plot  of  tho  rogroooion  linos  (log  woight  vs.  log 

longth)  uood  In  brook  trout  condition  analysis  botwoon 

PCD  and  PEX  In  1988  and  1989. 

1 
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1 

1 

LOG  WEIGHT  (G)  LOG  WEIGHT  (G) 


2  2.2  2.4  2.6  2.8  3 

LOG  LENGTH  (MM) 


Rgur«  8.1 2d.  Plot  of  tho  rogresoion  linos  (log  wt  vs.  log  In.)  ussd  in 
brook  trout  condition  analysis  bstwssn  PCD  and  FEX 
in  1990  and  1991. 
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Covariance  analysis  was  conducted  to  test  for 
differences  in  the  slopes  of  the  regression  lines  between 
pre-operational ,  transitional,  and  post-operational  years 
(Figure  8.13).  No  significant  differences  were  found 
between  the  three  periods  (F5,^»0.89,  p>0.05)  (Table  8.8). 
However,  there  were  significant  differences  between  the  Y- 
intercepts  for  the  three  periods  (F,  ^^*3.04,  p<0.05)  (Table 
8.8),  but  the  differences  followed  no  detectable  patterns. 
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Rgura  8.13.  Plots  of  ths  rsgrsssion  linos  ussd  In  ths  covsrisncs  analysis 
of  woight  vs.  Isngth. 


I 

I 
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Tabltt  8.8.  Lengbh/w«lght  regression  equations  ;sed  in  the 

covariance  analysis  of  brook  trout  condition  between 
periods  (pre-,  trams-,  and  post-operational)  at  FEX 
and  FCO. 


n  INTERCEPT 


PRE -OPERATIONAL 
(1983-1985) 

FCD  y—5.39  +  3.16X  385 

FEX  y- 5.58  +  3.24x  218 


a 

b 


TRANSITIONAL 

(1986-1989) 

FCD  y-5.46  +  3.20x  372 

FEX  y-5.41  +  3.18X  415 


c 

d 


POST-OPERATIONAL 

(1990-1991) 

FCD  y- 5.38  +  3.17X  153 

FEX  y-5.33  +  3.14x  164 


a 

e 


NOTE  -  Overall  test  for  differences  between  slopes  was  non¬ 
significant  (F(5  ,^,-0.89,  p>0.05).  Overall  test  for  differences 
between  intercepts  was  significant  (F,  ,7qq*3.04,  p<0.05).  Periods 
within  a  site  having  the  same  letter  do  not  differ  at  alpha«0.05 
(T\ikey  -  Kramer  Multiple  Comparison  Test,  Miller  1986)  . 
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